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DlSJklCT  OF  MjS&ACHUSf.TTSf  TO  JVlT  r 

BE  it  leiaembered,  that  on  the  thirty  firft  day  of  March,  in  the  thirty  fec- 
V. 'lid  y era-  of  the  Independence  of  the  United  States  of  America,  Thomas  &  An- 
drews, of  the  faid  dlflridl,  have  depofited  in  this  office  the  Title  of  a  Book,  the 
i^ght  wliereof  they  claim  as  Proprietors,  in  the  Words  following,  to  wit: 

"  A  New  and  Complete  Syftem  of  Arithmetick,  compofed  for  the  ufe  of  the 
citizens  of  the  United  States.  By  Nicolas  Pike,  a.  m.  a.  a.  s.  Quid  mums  reipubUca 
majus  meliupve  afferre  pojfumus^  quamft  juventutem  docemus,  et  bene  erudhnus.  — E  variis 
fuj7iendum  ejl  optimum. — Cicero.  Third  Edition.  Revifed,  CorretSted,  and  Improv- 
ed, and  more  particularly  adapted  to  the  Federal  Currency.  By  Nathaniel  Lord, 
a.  m." 

In  conformity  to  the  A6t  of  tha  Congrefs  of  the  United  States,  intitled,  «  An 
Adb  for  the  Encouragement  of  Learning,  by  fecuring  the  Copies  of  Maps,  Charts 
and  Books,  to  the  Authors  and  Proprietors  of  fuch  Copies,  during  the  times  there- 
in mentioned  f  and  alfo  to  an  Adl  intitled,  "  An  A<St  fupplementary  to.  An  Adr, 
intitled.  An  Adl  for  the  Encoufagement  of  Learning,  by  fecuring  the  Copies  of 
Maps,  Charts  and  Books,  to  the  Authors  and  Proprietors  of  fuch  Copies  during 
the  times  therein  mentioned  ;  and  extending  the  Benefits  thereof  to  the  Arts  of 
Dpfigning;,  Engraving  and  Etching  Hiftorical  and  other  Prints." 

WM.  SMITH  SHAW,  Clerk  of  the  Dijiria  of  Majfachufeti , 


RECOM  M  END  ATIONS. 

Barinwiith  Tlmverftty,,  A.  D.  \j^b. 

AT  the  reflueft  of  Nicolas  Pike,  Kiq.  we  have  inipecfled  his  Syftenj  of 
Arithmetick,  -Rfhich^wc  cheerfully  recommend  to  the  pubiick,  as  eaiy,  ac- 
curate, and  complete..  And  we  ap'prehend  there  is  no  treatifc  of  the  kind 
■extant,  from  which  io  great  utility  may  arife  to  Scliools. 

B.  WOODWARD,  Math,  and  Phil.  Prof. 

JOHN  SMITH,  Prof",  of  the  Learned  Language-. 

I  do  moft  fincereiy  concur  in  the  preceding  recommendation. 

J.  WKEELOCK,  Prefident  of  the  Univerfity. 


Frovidefice,  State  of  Rhde-L! ami,  I'/S^. 

WHOEVER  may  have  the  perufal  of  this  treatife  on  Arithmetick  may 
naturally  conclude  I  might  have  fpared  myfelf  the  trouble  of  giving  it  this 
recommendation,  as  the  work  will  fpeak  nx)re  for  itfclf  than  the  moil  elab- 
orate recommendation  from  my  pen  can  fpeak  for  it :  I3ut  as  f  have  always 
been  much  delighted  with  the  contemplation  of  mathematical  fubjecls,  and 
at  the  lame  time  fully  fenfible  of  the  utility  of  a  work  of  this  nature,  was 
.willing  to  render  every  affiltance  in  my  power  to  bring  it  to  the  pubiick  view  : 
And  fhould  theftudent  read  it  with  the  fame  pleasure  with  which  1  ptridcd 
the  flieets  before  they  w€nt  to  the  prefs,  am  perfuadcd  he  will  not  tail  of 
reaping  that  benefit  from  it  which  he  may  expecl,  or  Vviih  for,  to  faiisry  his 
curiofity  in  a  fubjedt  of  this  nature.  The  author,  in  treating  on  numben,  has 
done  it  v/ith  fo  much  perlpicuity  and  fingular  addrefs,  that  1  am  convinced 
the  fludy  thereof  will  become  more  a  i)leaiure  than  a  taflc. 

The  arrangement  of  the  work,  and  the  meth;:d  by  which  he  leads  the 
tyro  into  thefirft  principles  of  numbers,  are  novelties  [  hav^  not  met  with  in 
any  book  I  havefeen.  Wingatc,  Hatton,  Ward,  Hiii,  and  many  other  au- 
thors, vvhofe  names  might  be  adduced,  if  necefiiiry,  have  ciaiiued  a  conlider/- 
ble  fhare  of  merit;  but  v/hen  brought  into  a  comparative  point  of  viev/  with 
this  treatife,  they  are  inadequate  and  defedive.  This  volume  contain>,  be- 
fides  vv'hat  is  ufeful  and  neceffary  in  the  common  affairs  of  life,  a  great  fund 
for  amufement  and  entertainment.  The  Mechanick  will  find  in  it  n.uch 
more  than  he  may  have  occafion  for ;  the  Lawyer,  Mercliant  and  Mathe- 
matician, v/i!l  find  an  ample  field  for  tiic  exercife  of  their  genius  ;  and  '•  am 
well  affured  it  may  be  read  to  great  advantage  by  ifudents  of  every  c'afs, 
from,  the  loweit  fchoci  to  the  Univerfity.  More  than  this  nc^d  not  be  f  :id 
by  me,  and  to  have  laid  \<ik,  would  be  keeping  back  a  tribute  jullly  due  to 
the  merit  of  this  work. 

BENJAMIN  WEST. 


Univerfity  iv  Cambridge^  A.  D.  1786. 
HAVING,  by  ihedcfire  of  Nicolas  Pike,  Efq.  infpc<5led  the  following  vol- 
umc  in  manufcript,  we  beg  leave  to  acquaint  the  pubiick,  that  in  our  opin. 
ion  it  is  a  work  well  executed,  and  contains  a  complete  iyftem  of  Arirtinie- 
tjck.  The  rules  are  plain,  and  the  dcmonl^rations  perfpicuous  and  fattstiic- 
tory  ;  and  we  efleem  it  the  beft  calculated,  of  any  fingle  piece  we  i^-.ve 
melwith,  to  lead  youth,  by  natural  and  cafy  gradations,  into  a  mcthodicn! 


i.v>  RECOMMENDATIONS. 

and  thorough  acquaintance  with  the  faience  of  figures.  Perfons  of  all  de- 
fcriptions  may  find  in  it  every  thing,  refpedting  numbers,  neceffary  to  their 
bufinefs ;  and  not  only  fo,  but  if  they  have  a  fpeculative  turn,  and  mathemat- 
ical talle,  may  meet  with  much  for  their  entertainment  at  a  leifure  hour. 

We  are  happy  to  fee  fo  ufeful  an  American  production,  which,  if  it  ihould 
meet  with  the  encouragement  it  deferves,  among  the  inhabitants  of  the 
United  States,  will  fave  much  money  in  the  country,  which  would  otherwife 
be  fentto  Europe,  for  publications  of  this  kind. 

We  heartily  recommend  it  tofchools,  and  to  the  community  at  large,  and 
wifli  that  the  induftry  and  flcill  of  the  Author  may  be  rewarded,  for  fo  ben- 
eficial a  work,  by  meeting  with  the  general  approbation  and  encouragement 
of  the  publick. 

JOSEPH  WILLARD,  D.  D.  Prefident  of  the  Univerfity. 

E.WIGGLESWORTH,  S.T.P.  Holiis. 

S.  WILLIAMS,  L.  L.  D.  Math,  et  Phil.  Nat.  Prof.  Holiis. 


Tale  College,  1786. 

UPON  examining  Mr.  Pike's  Syftem  of  Arithmetick  and  Geometry,  in 
manufcript,  I  find  it  to  be  a  work  of  fuch  mathematical  ingenuity,  that  I  ef. 
teem  myfelf  honoured  in  joining  with  the  Rev.  Prefident  Wiilard,  and  other 
Jearned  gentlemen,  in  recommending  it  to  the  publick  as  a  production  of  gen- 
ius, interfperfed  with  originality  in  this  part  of  learning,  and  as  a  book, 
fuitable  to  be  taught  in  fchools :  of  utility  to  the  merchant,  and  well  adapt- 
ed even  for  the  Univeifity  inflrudion.  1  confider  it  of  fuch  merit,  as  that  it 
will  probably  gain  a  very  general  reception  and  ufe  throughout  the  republick 
of  letters. 

EZRA  STILES,  Prefident. 


BoJIon,  1786. 
FROM  the  known  charader  of  the  Gentlemen  who  have  recommended 
Mr.  Pike's  Syllem  of  Arithmetick,  there  can  be  no  room  to  doubt,  that  it  is 
a  valuable  performance  ;  and  will  be,  if  publifhed,  a  very  ufeful  one.  I  there- 
fore wifh  him  fuccefs  in  its  publication. 

JAMES  BOWDOIN. 


PREFACE 

TO  THE  FIRST  EDITION. 


.;3  ■ 

IT  may,  perhaps,  by-Somsybe  thought  needless,  'when  Juthors  are  so  mul- 
■fiplied,  to  attempt  publishing  any  thing  further  on  Arithmelich,  as  it  may  be 
imagined  there  can  be  nothing  more  than  the  repetition  of  a  subjeB  already  ex- 
hausted. It  is  honvever  the  opinion  of  not  a  feiv,  ivho  are  conspicuous  for 
timr  knowledge  in  the  Mathematicks,  that  the  books,  noiv.in  use  among  us,  are 
generally  deficient  in  the  illustration  and  application  of  the  rules  ;  of  the  truth 
.  of  ivhich,  the  general  complaint  among  Schoolmasters  is  a  strong  confirmation. 
And  not  only  so,  hut  as  the  United  States  are  now  an  independent  nation,  it  nvas 
judged  that  a  System  might  be  calculated  more  suitable  to  our  meridian,  than 
those  heretofore  published. 

Although  I  had  sufficient  reason  to  distrust  my  abilities  for  so  arduous  a  tashy 
yet  not  knowing  asy  one  ivho  would  take  upon  himself  the  trouble^  and  appre- 
hending I  could  not  render  the  publick  more  essential  service,  than  by  an  at- 
tempt to  remove  the  d'fficulties  complained  of,  with  diffidence  I  devoted  myself 
to  the  work. 

I  have  availed  myself  of  the  best  Authors  which  could  be  obtained,  hut  have 
followed  none  particularly,  except  Bonnycastle's   Method  of  Demonstration. 

Although  I  have  arranged  the  work  in  such  order  as  appeared  to  me  the  most 
regular  and  natural,  the  student  is  not  obliged  to  pay  a  striB  adherence  to  it ; 
but  may  pass  from  one  Ride  to  another,  as  his  inclination  or  opportunity  for  study  ^ 
may  require. 

The  Federal  Coin,  being  purely  decimal,  most  naturally  falls  in  after  Decimal 
Fradions. 

I  have  given  several  methods  of  extracllng  the  Cule  Root,  and  am  indebt- 
ed to  a  learned  friend,  who  declines  having  his  name  made  pidnick,  for  the  in- 
vestigation of  two  very  concise  Algebraick  Theorems  for  the  extra^lian  of  till 
Roots,  and  of  a  particular  Theorem  for  the  Sursolid. 

Among  the  Miscellaneous  Qjiestions,  I  have  given  some  rf  a  philosophical 
nature,  as  well  with  a  view  to  inspire  the  pupil  with  a  rchsh  for  philosophical 
studies,  as  to  the  usefulness  of  them  in  the  common  businesses  of  life. 

The  short  introduBion  to  Algebra,  which  is  subjoined,  was  abstraBed princi- 
pally from  Bonnycastle,  and  that  of  Conick  SeBions,  from  Emerscn^s  IVorks. 

Being  sensible  the  following  Treatise  will  stand  or  fall,  according  to  its  real 
merit  or  demerit,  I  submit  it  to  thejudgment  of  the  candid. 

IVith  pleasure  I  embrace  this  opportunity,  to  express  my  gratitude  to  those 
learned  Gentlemen,  who  have  honoured  this  Treatise  with  their  approbationy 
as  well  as  to  such  Gentlemen,  as  have  encouraged  it  by  their  sul  script  ions  ;  and 
to  request  the  reader  to  excuse  any  errours  he  may  meet  with  ;  for  although 
great  pains  have  been  taken  in  correBing,  yet  it  is  difficult  to  pre^'cnt  errours 
from  creeping  into  the  press,  and  some  may  have  escaped  my  own  observation  ; 
in  either  case,    a  hint  from  the  candid  will  much  oblige  their 

Most  obedient. 

And  humble  Servant , 

THE  AUTHOR. 


PREFACE 

TO  THIS  NEW  IMPROVED  (THIRD)  EDITION. 


THE  demand  for  this  ivorh  still  continuing,  notwithstanding  the  publication 
ef  other  fworhs  on  Arithmetich  and  the  higher  branches  of  the  Mathematicksy 
is  evidence  of  its  intrinsic^  merit y  and  has  induced  the  Proprietors  of  the  copy- 
right to  present  the  publick  with  a  new  and  improved  Edition. 

Jlpplicalion  was  made  to  the  Author^  requesting  him  to  revise  and  improve 
the  work  for  anew  Edition;  hut  he  declined  on  account  of  want  of  healthy 
and  the  Gentleman,  nvhom  we  employed,  tvas  engaged  by  the  Author's  consent, 
tind  improved  and  correded  the  ivorh  agreeably  to  his  direBions  and  advice. 

The  most  important  improvement  in  this  Edition,  is  the  iniroduBion  of  exam- 
ples in  the  Federal  Currency  under  each  rule  ;  and  while  this  was  considered 
necessary,  in  order  to  extend  the  knowledge  and  use  of  that  currency,  it  was 
thought  important  not  to  omit  examples  in  pounds,  shillings  and  pence,  which  are, 
and  will  continue  to  be,  the  basis  of  many  arithmetical  questions  ;  and  therefore 
an  acquaintance  with  them  will  always  be  useful. 

Mr.  Nathakie.l  Lord,  3d.  of  Ipswich,  the  Gentleman  employed  to  cor- 
rect and  improve  the  work,  has  bestowed  much  attention  upon  it,  and  has  re- 
ceived from  Mr.  Pike  all  the  information  and  advice  he  desired.  The  man- 
ner in  which  Mr.  Lord  has  executed  the  task  entrusted  to  him.,  will,  we  hope, 
gain  additional  reputation  for  the  work,  and  entitle  him  to  the  thanks  of  the 

publick. 

THOMAS  ^  ANDREWS. 
Boston,  April,  1808. 

(^  So?ne  errours,  which  escaped  correction,  are  noticed  in  an  errala,  at  the 
end  of  the  "Mork. 
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EXPLANATION 


EXPLANATION   OF   THE   CHARACTERS    MADE  USE 
OF  IN  THIS  TREATISE. 

iTHE  sign  of  equality  :  as  12  pence  =  1  shilling, 
signifies  that  1 2  pence  are  equal  to  one  shilling  ;  and, 
in  general,  that  whatever  precedes  it  is  equal  to  what 
follows. 

f      The  sign  of    Addition:    as  5+5=10,    that  is,  5 
+  <  added  to  5  is  equal  to  10.  Read  5  plus  5,  or  5  more  5 

C.  equal  to  10. 

The  sign  of  Subtraaion:  as,  12 — 4  =  8,  that  is,  12 
lessened  by  4  is  equal  to  8,  or  4  from  1 2  and  8  re- 
,  mains.     Read  12  minus  4,  or  12  less  4  equal  to  8. 

The    sign  of  Multiplication  :    As  6x5  =  30,  that 
is,  6  multiplied  by  5  is  equal  to  30.     Read  G  into  5 
.equal  to  30. 

-i-or6l30f   i      The  sign  of  Division  :   as,  30-r-5=6,  that  is,    30 
''    ^    (_ divided  by  5  is  equal  to  6.     Read  30  by  5  equal  to  6. 

f      Numbers  placed  fraction  wise,  do  likewise  denote  di- 

g^_  j  vision,  the  numerator  or  upper  number  being  the  div- 

'  J  idend,  and  the  denominator  or  lower  number,  the  di- 

I  visor  ;  thus, is  the  same  as  875-^-25  =  35. 

L  25 

The  sign  of  proportion,  thus,  2  ;  4  ::  8  :  16,  that 
is,  as  2  is  to  4  so  is  8  to  16. 

Signifies  Geometrical  Progression. 
Shews  that  the  difference  between  2  and  9  added  to 
9^+6=13  -}  ^  ^^  *^^"^^  "^^  ^^-      ^^^^  ^  minus  2  plus  6  equal  to  13. 
And  that  the  line  atop  (called  a  Finculum)  conned s  all 
_the  numbers  over  which  it  is  drawn. 
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12—3+^5     I      Signifies  that  the  sum  of  3  and  5  taken  fiom   12 
(^  leaves  or  is  equal  to  4. 

Signifies  the  second  power  or  Square. 
Signifies  the  third  power,  or  Cube. 

Signifies  any  power  in  general,  as  6l*  =  square  of 

6  ;  and  5()|'  =cube  of  50,  &c  thus  m  signifies  either 
,the  square  or  cube,  or  any  other  power. 

Prefixed  to  any  number  or  quantity,  signifies  that 
the  square  root  of  that  number  is  req'iiired.  It 
likewise  (as  also  the  charader  for  any  other  root) 
stands  for  the  expression  of  the  root  of  that  number 
or  quantity  to  which  it  is  prefixed.  As  ^  36  =  6,  and 
^ -/r08+3«  ==  12,  oxM\^  =  6,  &c. 
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^  EXPLANATION  OF  CHARACTERS, 
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•/,  or  1^ 


'     Prefixed  t«   any  number,  signifies   that  the  cuW 
root    of    that    number    is    required,    or    expressed. 


3 


As    -/  216  =  6,    and     >/513+2l6  =    9,    &c.— or 
2l6l^  =  6,  &c. 


\n 


f     Signifies  any  root  in  general.     As  36|^  =  square 

...    «     I  I  « 

V'l  €r   b  "J  root,  2I6r  =  cube  root,  &c.    Thus,  —  signifies  either 
I  m 

[_the  square  root,  cube  root,  or  any  other  root  whatever. 

fWhen  several  letters  are  set  together,  they  are  sup- 
posed to  be  multiplied  into  each  other ;  as  those  in 
the  margin  are  the  same  as  axbxcxd^  and  represent  the 
continual  produft  of  quantities  or  numbers. 

*  f  .  ""  ^ 

—  1      -^^  ^^  reciprocal  of  a,  and  —  is  the  reciprocal  of  — , 

rf  (.  b  a 

If  a  be  the  root,  then  aXa  —  aa  or  «*  is  the  square 
of  a,  and  rtXaX^z  =  aaa  or  a ^  is  the  cube  of  a,  &c. 

Note*  The  figure  atop  is  called  the  index  of  the 
power. 

It  is  usual  to  write  shillings  at  the  left  hand  of  a 
stroke,  and  pence  at  the  right ;  thus,  13/'4-  is  thirteen 
shillings  and  four  pence. 

Note.  The  use  of  these  charafters  must  be  perfecH:- 
ly  understood  by  the  pupil,  as  he  may  have  occasion 
for  them* 


A 

NEW  AND  COMPLETE 

SYSTEM  OF  ARlTHxMETlCK. 


ARITHMETICK  Is  the  Art  or  Science  of  competing  by  num- 
bers, and  consists  both  in  Theory  and  Practice.  The  Theory 
considers  the  nature  and  quahty  of  numbers,  and  demonstrates  he 
reason  of  practical  operations.  The  Praftice  is  that,  which  s:  ews  the 
method  of  working  by  numbers,  so  as  to  be  most  useful  and  ex- 
peditious for  business,  and  is  comprised  under  five  principal  or  fun- 
damental Rules,  viz.  Notation  or  Numeration.  Addition,  Sub- 
traction, Multiplication,  and  Division  ;  the  knowledge  of 
which  Is  so  necessary,  that,  scarcely  any  thing  in  life,  and  nothing  in 
trade,  can  be  done  without  it. 


NUMERATION 


TEACHES  the  dliFerent  value  of  figures  by  their  different  places 
and  to  read  or  write  any  sum  or  number  by  these  ten  charaders, 
0,  1,  2,  3,  4,  5,  6,  7,  8,  9.— 0  is  called  a  cypher,  and  all  the  rest 
are  called  figures  or  digits.  The  names  and  significations  of  ihesc 
charaders,  and  the  origin  or  generation  of  the  numbers  they  stand 
for,  are  as  follow ;  0  nothing  ;  1  one,  or  a  single  thing  called  an 
unit;  1+1=2,  two;  2+1=3,  "three  ;  3+l--=4,  four;  4+1=5,  tive  ; 
5+1=6,  six  ;  6+1=7,  seven  ;  7+1=8,  eight ;  8+1=9,  nine  ;  SH-1  =  10, 
ten  ;  which  has  no  single  character  ;  and  thus,  by  the  continual  ad- 
dition of  one,  all  numbers  are  generated. 

2.  Beside  the  simple  value  of  figures,  as  above  noted,  they  have, 
each,  a  local  value,  according  to  the  following  law  ;  viz.  In  a  combi- 
nation of  figures,  reckoning  from  right  to  left,  the  figure  in  the  first 
place  represents  its  primitive  simple  value  ;  that  in  the  second  place, 
ten  times  its  simple  value,  and  so  on  ;  the  value  of  the  figure,  in  each 
succeeding  place,  being  ten  times  the  value  of  it,  in  that  immediate- 
ly preceding  it, 

^,  The 
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3.  The  values  of  tlie  places  are  esiiniated  according  to  their  order  : 
The  nrst  is  denominated  the  place  of  units  ;  tlie  second,  tens  ;  the 
third,  hundreds  ;  and  so  on,  as  in  the  table.  Thus  in  the  number — 
5293467  :  7,  in  the  first  place  signifies  only  seven  ;  6,  in  tlie  second 
place,  signifies  6  tens,  or  sixty  ;  4<,  in  the  third  place,  four  hundred  ; 
3,  in  the  fourth  place,  three  thousand  ;  9,  In  the  fifth  place,  ninety 
thousand;  2,  in  the  sixth  place,  two  hundred  thousand  ;  5,  in  the 
seventh  place,  is  five  millions  ;  and  the  whole,  taken  together,  is  read 
thus  ;  five  millions,  two  hundred  and  ninety  three  thousand,  four 
hundred  and  sixty  seven. 

4.  A  cypher,  though  it  is  of  no  signification,  itself,  yet,  it  pos- 
sesses a  place,  and,  v.hen  set  on  the  right  hand  of  figures,  in  whole 
numbers,  increases  their  value  in  the  same  tenfold  proportion  ;  thus,  9 
signifies  only  nine  ;  but  if  a  cypher  is  placed  on  its  right  hand,  thus,  90, 
it  then  becomes  ninety  ;  and,  if  two  cyphers  be  placed  on  its  right, 
thus,  900,  it  is  nine  hundred  ;  &c. 

To  enumerate  any  parcel  of  figures,  observe  the  following  Rule. 

First,  commit  the  words  at  the  head  of  the  table,  viz.  units,  tens, 
hundreds,  &c.  to  memory,  then,  to  the  simple  value  of  each  figure, 
join  the  name  of  its  place,  beginning  at  the  left  hand,  and  reading 
towards  the  right. — More  particularly  —1.  Place  a  dot  under  the  right 
hand  figure  of  the  2d,  4th,  6th,  8th,  &c.  half  periods,  and  the  fig- 
ure over  such  dot  will,  universally,  have  the  name  of  th<msands. — 
2.  Place  the  figures,  1,  2,  3,  4,  &c.  as  indices  over  the  2d,  3d,  4th, 
&c.  period.  These  indices  will  then  shew  the  number  of  times  tlie 
millions  are  involved — The  figure  under  1,  bearing  the  name  of 
miUions,  that  under  2,  the  name  of  billions  (or  millions  of  millions) 
that  under  3,  trillions  (or  millions  of  milHons  of  millions.) 

EXAMPLE. 

Sextiltlons.  Quintilli.    Quatrill.   Trillions.    Billions.     Millions.      Units. 
r>ws^n      r^>>-o      r>^'»^n      c^^-'^n      r^-^-o      r^A-o      rv^^n 

th.    un.      th.    un.      th.    un.      th.    un.      th.    un.     th.    un.      c.x.t.c.x.u 
rs/^^r>J~^  r^A-or«.'-o  rJ^^r^^.^  ru^^r^/^^  ?^/«or-'-o  r^^^-^r^A-n  r^— )p»A-n 

6  .5  4  3  2  1 

91 3,208;000,34 1  ;620,057;21 9,356;809,379;  1 20,406;  1 29,763 
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Note  1.  Billions  is  substituted  for  millions  of  millions  :  Triliioiis, 
for  millions  of  millions  of  milii(5ns  :  Quatrillions,  for  millions  of 
millions  of  milHons  of  millions. 

Quintillions,  Sextillions,  Septillions,  Oclllllons,  Nonlllions,  Decll- 
llons,  Undecillions,  DuodecilHons,  &c.  answer  to  millions  so  often 
mvolved  as  their  indices  respectively  denote. 

Note  2.  The  right  hand  figure  of  each  half  period  has  the  place 
of  units  of  that  half  period ;  the  middle  one,  that  of  tens,  and  the  ' 
left  hand  one,  tliat  of  hundreds. 
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The    rV  PPLICATION. 

tVrite  doivn,  in  proper  Jigures,  the  foUoivlng  numbers* 
Fifteen.        _.j_-.         --,.-. 

Two  hundred  and  feventy  nine.  __.-__ 

Three  thoul'and  four  hundred  and  three.         -         _         -         -         - 
Thirty  feven  thoufand,  five  hundred  and  Cxty-feven. 
Four  hundred,  one  thoufand  and  twenty  eight.  -         -         -         _ 

Nine  millions,  feventy  two  thoufand  and  two  hundred. 
Fifty  five  millions,  three  hundred,  nine  thoufand  and  nine. 
Eight  hundred  millions,  forty  four  thoufand,  and  fifty  five.     - 
Two  thoufand,  five  hundred  and  forty  three  millions,  four  t 
hundred  and  thirty  one  thoufand,  feven  hundred  and  two.  \ 

Write  dotvn  in  'words  at  length  the  folloiving  numbers, 
8  437  709040  53476194  7584397G47 

17  3010  •  879066  84094007  49163189186 

129  76506  4091875         690748391         500098400709 
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-     55309009 
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Notation  by  Roman  Letters, 


I.  One. 

II.  Two. 

III.  Three. 

IV.  Four. 

V.  Five. 

VI.  Six. 

VII.  Seven. 

VIII.  Eight. 

IX.  Nine. 

X.  Ten. 
XL  Eleven. 

XII.  Twelve. 

XII I.  Thirteen. 

XIV.  Fourteen. 


XV.  Fifteen. 

XVI.  Sixteen. 

XVII.  Seventeen. 

XVIII.  Eighteen. 

XIX.  Nineteen. 

XX.  Twenty. 
XXX.  Thirty. 
XL.  Forty. 
L.   Fifty. 
LX.  Sixty. 
LXX.  Seventy. 
LXXX.  Eighty. 
XC.  Ninety. 

C.  Hundred. 


CC.  Two  hundred. 
CCC.  Three  hundred. 
CCCC.  Four  hundred. 
D.  or  I3.  Five  hundred. 
DC.  Six  hundred. 
DCC.  Seven  hundred. 
DCCC.  Eio-ht  hundred. 
DCCCC.  Nine  hundred. 
M.  or  013.  One  thousand. 
133.  Five  thousand. 
1333*   Fifty  thousand. 
I333I333.  Five  hund.  th». 
MDCCCVIU.  One  thousand, 
eight  hundred  and  eight. 


A  less  literal  number  placed  after  a  greater,  always  augments  the 
value  of  the  greater  ;  if  put  before,  it  diminishes  it.  Thus,  VI.  is 
6;  IV.  is  4;  XI.  is  11  ;  IX.  is  9,  &c. 


ADDITIOiN 

IS  the  putting  together  of  two  or  more  numbers,  or  sums,  to  mate 
them  one  total,  or  whole  sum. 


SIMPLE  ADDITION 

Is  the  adding  of  several  integers  or  whole  numbers  together,  \N'hich 
are  all  of  one  kind,  or  sort ;  as  7  pounds,  IIJ  pounds,  and  20  pounds, 
being  added  together,  their  aggregate,  or  swm  total,  is  39  pounds. 

Rule. 


1^  SIMPLE  ADDITION. 

Rule. 

Having  placed  units  under  units,  tens  under  tens,  5iC.  draw  a  line 
underneath,  and  begin  with  the  units  ;  after  adding  up  every  figure 
in  that  cohinin,  consider  liow  many  tens  are  contained  in  their  sum, 
and,  phicing  the  excess  under  the  units,  carry  so  many  as  yow  have 
tens,  to  the  next  colunm,  of  tens  :  Proceed  in  the  same  manner 
through  every  column,  or  row,  and  set  down  the  whole  amount  of 
the  last  row.* 

Proof.  Begin  at  the  top  of  the  sum  and  reckon  the  figures  down- 
wards, in  the  same  manner  as  they  were  added  upwards,  and,  if  it 
be  right,  this  aggregate  will  be  equal  to  the  first.  Or,  cut 'off  the 
upper  line  of  figitres,  and  find  the  amount  of  the  rest ;  then,  if  the 
amount  and  upper  line,  w^hen  added,  be  equal  to  the  sum  total,  the 
work  is  supposed  to  be  right. 

Addition 


*  This  Rule  as  well  as  the  method  of  proof,  is  founded  on  the  known  axiom, 
"  the  whole  is  equal  to  the  funi  of  all  its  parts."  The  method  of  placing  the  num- 
bers, and  carrying  for  the  tens,  is  evident  from  the  nature  of  notation;  for  any 
other  difpofuion  of  the  numbers  would  alter  their  value  ;  and  carrying  one,  for  ev- 
ery ten,  from  an  inferiour  to  a  luperiour  column,  is,  evidently,  right,  becaufe  one 
unit  in  the  latter  cafe  is  equal  to  the  value  of  ten  units  in  the  former. 

Eefides  the  method  of  proof,  here  given,  there  is  another,  by  caftlng  out  the 
nines  ;  thus  : 

1.  Add  the  figures  in  the  upper  row  together,  and  find  how  many  nines  are  con- 
tained in  their  fum. 

2.  Reject  the  nines,  and  fet  down  the  remainder,  direcSlly  even  witli  the  figures 
in  the  row. 

3.  Do  the  fame  witli  each  of  the  given  numbers,  and  fet  all  the  excefies  of  nines 
in  a  column,  and  find  their  fum  ;  then,  if  the  excefs  of  nines  in  this  fum,  found,  as 
before,  is  equal  to  the  excefs  of  nines  in  the  fum  total ;  the  queftion  is  fuppofed  to 
be  right. 

Example. 

This  method  depends  upon  a  property  of  the  number  9, 
which,  except  3,  belongs  to.  no  other  digit  whatever  ;  viz,  that 
any  number,  divided  by  9,  will  leave  the  fame  remainder,  as 
the  fum  of  its  figures,  or  digits,  divided  by  9  :  which  may 
be  thus  demonftrated. 

Demwjlration.  Let  there  be  any  number,  as  5432  ;  this,  feparated  into  its  feveral 
Y-rts,  becomes  .5000+400+30+2;  but  5000=5X  1000=5X&99+ 1—5X999+5. 
!n  like  manner  400=4X99+4,  and  30—3X9+3.  Therefore,  5432=5X999+5, 
+4X99+4,  +.3X9  +  3+2  =5X999+4X99+3X9+5+4  +  3+2. 

5432       5x999+4x99+3X9+5+4+3  +  3 

And  = ;  but  5X99D+4X99+3X9  is 

9  9  • 

divifible  by  ^ ;  therefore,  5432,  divided  by  9,  will  leave  the  fame  remainder,  as 
5+4  +  3  +  2,  divided  by  9;  and  the  fame  will  hold  good  of  any  other  number  what- 
ever. 

The  fame  property  belongs  to  the  number  3  :  Hov/ever,  this  inconveniency  at- 
tend- this  method,  that,  although  the  work  will  always  prove  right,  when  it  isfo; 
it  will  not,  always,  be  right,  when  it  proves  fo  ;  I  have,  therefore,  given  this  dem;- 
ojiftration  more  for  the  fake  of  the  curious,  than  for  any  real  advantage. 


SIMPLE  At)DITION. 


ir 


Addition  and  Subtraction  Table. 


P' 


I  H  2  i  3  1  4|  5  1  6  1  7  1  8  1  9  |  10  j  11  |  12 

4 

!  6 

!  7 

8 
~9 
10 

H  5  1  6  1  7  1  8|  9  1  10  1  11  1  12  (  13  1  14 

5  1  6  1  7  1  8  1  9  1  10  1  11  1  12  1  13  1  14!  15 

6  1  7  1  8  1  9  1  10  1  11  !  12  1  13  1  14  1  15  1  16 

7  1  8  1  9|  10  1  11  !  12|  13  1  14  1  15  1  16  1  17 

8  1  9  1  10  1  11  i  12  1  13  1  14  1  15  1  16  1  17  1  18 

9  1  10  1  11  I  12  1  13  1  14  1  15  1  16  1  17  j  18  |  19 

10  1  U  1  12  1  13  1  14  1  15  1  16  1  17  1  18  1  19  |  20 

11  1  12  i  13  1  14  1  15  1  16  1  17  i  18  1  19  1  20  |  21 

12  1  13  1  14  1  15  1  16  1  17  1  18  1  19  1  20  1  21  |  22 

When  you  would  add  two  numbers,  look  one  of  them  hi  the  left 
hand  column  and  the  other  atop,  and  in  the  common  angle  of 
meeting,  or,  at  the  right  hand  of  the  first,  and  under  tlie  second, 
you  will  find  the  sum — as,  5  and  8  is  13. 

When  you  would  subtra6t :  Find  the  number  to  be  subtracted  in 
m  the  left  hand  column,  run  your  eye  along  to  the  right  hand  till 
you  find  the  number  from  which  it  is  taken,  and  right  over  it,  atopi 
you  will  find  the  difference — as  8,  taken  from  13,  leaves  5. 


ilXAMPLES. 

i. 

% 

S. 

4. 

5. 

6. 

£' 

lb- 

Cwt. 

Miles. 

Yards.. 

£' 

1 

12 

123 

1234 

12345 

987654321 

2 

34 

456 

5678 

67890 

123456789 

3 

56 

785 

9^98 

98765 

234567891 

4 

78 

12 

7654 

43210 

345678910 

5 

90 

34.5 

3210 

12345 

456789123 

6 

1 

678 

62 

67890 

567879287 

7 

23 

901 

4713 

74100 

678900028 

8 

45 

234 

131 

64786 

789400690 

9 

67 

567 

9128 

19876 

548769138 

»T^ 

8. 

9. 

10. 

1234567 

1234567 

«  67 

1234567 

2345678 

7 

23456 

123 

9876543 

3456789 

34565  •• 

4567 

2102865 

4567890 

4566 

89093 

4321234 

5678209 

333 

654321 

5682098 

6789098 

90    1234567 

6543218  . 

^ 

SUBTRACTION 


18,  SIMPLE  SUBTRACTION. 

SUBTRACTION 

TEACHES  to  take  a  less  number  from  a  greater,  to  find  a  tliircl, 
ihewing  the  inequality,  excess  or  diiFerence  between  the  given  num- 
bers ;  and  it  is  both  simple  and  compound. 

SIMPLE    SUBTRACTION 

Teaches  to  find  the  difference  between  any  two  numbers,  which 
atre  of  a  like  kind. 

Rule. 

Place  the  largernumber  uppermost,  and  the  less  underneath,  so  that 
units  may  stand  under  units,  tens  under  tens,  &c.  then,  drawing  a  line 
underneath,  begin  with  the  units,  and  subtract  the  lower  from  the 
upper  figure,  and  set  down  the  remainder  ;  but  if  the  lower  figure 
be  greater  than  the  upper,  borrow  ten,  and  subtra<5l  the  lower  figure 
therefrom  :  To  this  difference,  add  the  upper  figure,  which,  being 
set  down,  you  must  add  one  to  the  ten's  place  of  the  lower  line,  for 
that  which  you  borrowed  ;  and  thus  proceed  through  the  whole.* 

Proof. 

In  either  simple,  or  compound  Subtradlon,  add  the  remainder  and 
the  less  line  together,  whose  sum,  if  the  work  be  right,  will  be  equal 
to  the  greater  line  :  Or  subtratft  the  remainder  from  the  greater  line, 
and  the  difference  will  be  equal  to  the  less. 


Examples. 

1. 

2. 

3. 

4. 

5. 

6. 

/*. 

/:. 

Miles. 

Yards. 

Feet. 

Cwt. 

From  25 

305 

4670 

58934 

879647 

91 87641 

Take  12 

103 

4020 

6182 

164348 

91843 

Rem. 

Proof.  "~ 

7. 

8. 

9. 

1 00200300400500600700800900 

10000 

1000000 

9807605403201 1023045067089 

9999 

1 

MULTIPLICATION 

*  Lent.  When  all  the  figures  of  the  lefs  number  are  lefs  than  their  correfpondent 
fi']^ures  in  the  greater,  the  ditFerence  of  the  figures,  in  the  feveral  like  places,  mufl, 
all  taken  together,  make  the  true  difference  fought  ;  becaufe,  as  the  fum  of  the 
parts  is  equal  to  the  whole  ;  fo  niiufl:  the  fum  of  the  differences,  of  all  tlie  fimilar 
p^rts,  be  equal  to  the  difference  of  the  whole. 

2.  When  any  figure  in  the  greater  nuAber  is  lefs  than  Its  correfpondent  figure 
in  the  lefs,  the  ten,  which  is  added  by  the  Rule,  is  the  alue  of  an  unit  in  the 
next  higher  place,  by  the  nature  of  notation  ;  and  the  one  which  is  added  to  the 
next  place  of  the  lefs  number,  is  to  diminlfli  the  corrrefpondent  place  of 
the  greater,  accordingly  ;  which  is  only  taking  fi'om  one  place,  and  adding  as  much 
to  another,  whereby  the  total  is  never  changed  :  And,  by  this  mean,  the  greater  \% 
rcfolved  into  fuch  parts,  as  are,  eachj^  greater  than,  or  equal  to,  the  fimilar  part  of 

the 


SIMPLE  MULTii  ).ICATION.  \B 

MULTIPLICATION 

MAY  be  accounted  the  most  serviceable  Rule  in  Arithmetick.  It 
teaches  how  to  increase  the  greater  of  two  numbers  given,  as  often  as 
there  are  units  in  the  less  ;  performs  the  work  of  many  additions  in 
the  most  compendious  manner  ;  brings  nupibers  of  great  denomma- 
tions  into  small,  as  pounds  into  shillings,  pence  or  farthings,  &c.  and, 
by  knowing  the  value  of  one  thing,  we  find  the  value  of  many. 

It  consists  of  three  parts. 

1.  The  Multiplicand,  or  number  given  to  be  multiplied,  and,  com- 
fnonly,  the  largest  number. 

2.  The  Multiplier,  or  number  to  multiply  by,  commonly,  the  least 
number- 

3.  The  Producft,  which  is  the  result  of  the  work,  or  the  answer 
to  the  question. 

SIMPLE  MULTIPLICATION 

Is  the  multiplying  of  any  two  numbers  together,  without  having 
regard  to  their  signitication  ;  as  7  times  8  is  56,  &c. 

Multiplication   and  Division  Table. 


M 

2| 

3 

4| 

5  1  6  1  7  1  8  1 

9| 

10  1 

lit 

ll 

2| 

4| 

6 

« 

10|  12i  14|  16| 

18  i 

20 

22  1 

24 

^1 

6 

9 

|12 

15  1  18  1  21  1  24  1 

27  1 

30  1 

33  1 

36 

4| 

«l 

12 

16 

20  1  24  1  28  1  32  | 

36  1 

40  1 

44  1 

48 

5 

10  1 

15 

20  1 

25  1  30  1  35  1  40  1 

45  1 

50  1 

55  1 

60 

6 

12 

18 

24 

30  1  36  |%2|  48  1 

54  1 

60  1 

66  1 

72, 
84 

71 

14  1 

21 

28 

35  1  42  1  49  1  56  \ 

63  1 

70  1 

77  1 

8| 

16 

24 

32  1 

40  1  48  1  56  1  64  | 

72  1 

80 

88  j 

96 

9 

18 

27 

|36 

45  1  54  1  63  1  72  1 

81  1 

90  1 

99  1 

108 

iO 

20 

30 

40  1  50  1  60  1  70  1  80  | 

90  1 

100  1 

110  1 

120 

1^ 

22 

33 

|44 

55  ,  66  1  77  1  88  1 

99  1 

110  1 

121  1 

132 

12 

24 

36 

48 

60  72  1  84  1  96  | 

108  1 

120  1 

132  ( 

144 

To  learn  this  Table  for  Multiplication  :  Find  your'  multiplier  in  the 
left  hand  column,  and  your  multiplicand  atop,  and  in  the  common 
angle  of  meeting,  or  against  your  multiplier,  along  at  the  right  hand, 
and  under  your  multiplicand,  you  will  find  the  produdl,  or  answer. 

To  ham  it  for  Division  :  Find  the  divisor  in  the  left  hand  column, 
and  run  your  eye  along  the  row  to  the  right  hand  until  you  find  the 
dividend  ;  then,  diredtly  over  the  dividend,  atop,  you  will  find  the 
quotient,  shewing  how   often,  the  divisor  is  contained  in  the  dividend. 

CASE 
the  lefs ;  and  the  difference  of  the  correfpondcnt  figures,  taken  together,  will,  evi- 
^iently,  make  up  the  diflercncc  of  the  \/hole. 

The  truth  of  the  method  of  proof  is  evident  ;  for  the  difference  of  two  uumbcr& 
a4dc'd  to  the  Icfs,  is,  mauifcftly,  ci^ual  to  the  greater. 


20  SIMPLE  MULTIPLICATION, 

CASE  L 
When  the  multiplier  is  not  more  than  12  :  Always  placing  the  greater- 
number  uppermost,  set  the  multiplier  underneath,  units^  under  units, 
&c.  and  begin  as  the  Table  diredls,  setting  down  the  unit  figure  under 
units,  and  carrying  the  tens  to  the  next  place,  in  all  respeds  as  iii 
simple  addition.* 

Proof. 
Multiply  the  multiplier  by  the  multiplicand. 


1. 

37934 
2 

567 
10 

Examples. 
2.          3. 
769308       4980076 
3            4 

4- 
763896 
5 

d. 

5- 
67589 
6 

6. 

503764 

7 

7. 
3918295 
8 

8. 
9164785 

a 

9. 
4879. 

10. 

5804794 
11 

11. 

8583478646 
12 

• 
CASE 

11. 

When  the  multiplier  is  mqrt'than  12  :  Multiply  each  figure  in  the  mul- 
tiplicand by  every  figure  in  the  multiplier,  begiiming  with  the  units, 
and  placing  the  first  figure  of  each  product  exadly  under  its  multipli- 
er :  Lastly,  add  these  several  produ(5ls  together,  in  the  same  order 
as   they  stand,  and  their  sum  will  be  their  total  produd.f 

Examples. 

*  Dem.  When  the  multiplier  Is  a  fmgle  digit,  it  is  plain  that  we  find  the  pro- 
<iu6l  ;  for,  by  multiplying  every  figure,  that  is,  every  part  of  the  multiplicand, 
we  multiply  the  whole:  and, the  writing  down  of  the  produtSls, which  are  lefs  than 
ten,  or  the  excefs  of  tens,  in  the  places  of  the  figures  multiplied,  and  carrying  the 
number  of  tens  to  the  produ^fl  of  the  next  place,  is  only  gathering  together  the 
fimilar  parts  of  tlie  refpedtive  produtSls,  and  is,  therefore,  the  fame,  in  efFedt,  as. 
though  we  wrote  down  the  multiplicand  as  often  as  the  multiplier  exprelTes,  and 
added  them  together  ;  for  the  fum  of  every  column  is  the  producSt  of  the  figure? 
in  the  place  of  that  column  ;  and  the  produces,  coUe«5led  together,  are  evidently 
equal  to  the  whole  required  produdt 

f  If  the  multiplier  be  a  number,  made  up  of  more  than  one  figure  ;  after  we 
liave  found  the  produdt  of  the  multiplicand  by  the  firft  figure  of  the  multiplier,  as 
above,  we  fuppofe  the  multiplier  divided  into  parts,  and,  after  the  fame  manner, 
•find  the  produd;  of  the  multiplicand  by  the  fecond  figure  of  the  multiplier  ;  but  as 
the  figure,  by  which  we  are  multiplying,  ftands  in  the  place  of  tens,  the  produA 
mufl  be  ten  times  its  fimple  v<ylue  ;  and,  therefore,  the  firft  figure  izi  this  produtSl 

mull 


SIMPLE  MULTIPLICATION. 


n 


1. 

6357534 

47 

Examples. 

2. 
8324629 
59 

3. 
46293845 
76 

'   44502738 
254-30136 

Prod.  298804098 

4. 
647906 

4873 

5. 

760483 
9152 

6. 

91867584 
6875 

3157245938 

6959940416 

631589640000 

CASE 


mufl:  be  noted  in  the  place  of  tens,  or,  which  is  the  fame,  diredtly  under  the  figure 
we  are  multiplying  by.  And,  proceeding  in  the  fame  manner  with  all  the  figures 
of  the  multiplier,  Separately,  it  is  evident  we  fliall  multiply  all  the  parts  of  the  mul- 
tiplicand by  all  the  parts  of  the  multipUer  ;  therefore,  thefe  feveral  produdb,  being 
added  together,  will  be  equal  to  the  whole  required  produA. 

I'he  reafon  of  the  method  of  proof,  depends  upon  tliis  proportion,  that  if  two 
numbers  are  to  be  multiplied  together,  either  of  them  may  be  made  the  multiplier 
or  multiplicand,  and  the  produdl  will  be  the  fame. 

A  fmall  attention  to  the  nature  of  numbers  will  make  this  truth  evident  ;  for 
5X9  =  45  =  9X5  ;  and,  in  general,  2X3X4X5X6,  &c.  =  3X2X6X5X4,  &<x 
without  any  regard  to  the  order  of  the  terms  ;  and  this  is  true  of  any  niraiber 
pf  facSlors  whatever. 

N.  B.    By  factors  are  meant  the  multiplier  and  multiplicand. 

The  following  examples  are  fubjoined,  to  make  the  reafon  oi  the  rule  appear  as 
^Iqarly  as  pofTiblc. 


237956 
3728 


64753 

5 

15= 

3X5 

25  = 

50X5 

35  = 

700X5 

20   = 

40(X)X5 

30    =1 

S0000X5 

1 903648  =  8  times  the  multiplicand. 

475912  =  20  times  ditto.  • 
1665692  =  700  times  ditto. 
713868  =  3000  times  ditto. 


323765=6475:5X5 


887099968=3728  times  ditto. 


Multiplication  may  alfo  be  proved,  by  cafting  out  the  nines  ;  but  is  liable  to  the 
inconvenience  before  mentioned. 

It  may  likewife  be,  very  naturally,  proved  by  divifion  ;  for  the  produtSl,  be- 
ing divided  by  cither  of  the  f;i(5kors,  will,  evidently,  give  the  other  ;  and  it  might 
not  be  amifs  for  the  pupil  to  be  taught  divifion,  at  the  fame  time  with  multiplica- 
tion ;  as  it  not  only  ferves  for  proof  ;  but  alfo  gives  him  a  readier  knowUcl.^i'  of 
them  both.  But  it  would  have  been  contrary  to  good  method  to  have  given  tl.i'; 
rule  in  the  text,  l^^'caufe  tlic  pupil  is  fuppofed,  as  yet,  to  be  unacquainted  with 
divifion. 


22  SIMPLE  MULTIPLICATION. 

CASE    III. 

When  the  multiplier  is  a  composite  number,  that  is,  when  it 
is  produced  by  the  multiplication  of  any  two  numbers  in  the 
Table,  multiply  the  multiplicand  by  one  of  those  figures,  first, 
and  that  produ.(a  by  the  other :  And  the  last  produ<fl  will  be  the 
total  required.* 

Examples. 
1.  2.  3. 

Mult.  59375  by  35.  39187  by  48,         91632  by  5Q, 

7 

>jX5  =  35 

415625 


2078125 


CASE  IV. 
IVhen  there  are  cyphers  on  the  right  hand  of  either  the  multiplicand.,  or  muh 
fiplier,  or  both  :  Negleft  those  cyphers  ;  then  place  the  significant  fig-, 
ures  under  one  another,  and  multiply  by  them  only  ;  add  them  to- 
gether, as  before  directed,  and  place  to  the  right  hand  as  many  cy- 
phers as  there  are  in  both  the  fadtors. 


Examples. 

I. 

2. 

3. 

67910 

956700 

930137000 

5600 

320 

9500 

Prod.     '380296000  306144000  8836301500000 


CASE     V. 

To  multiply  by  10,  100,  1000,  ^c^  :  Set  down  the  multiplicand  un-. 
derneath,  and  join  the  cyphers  in  your  multiplier  to  the  right  han4 
of  them,  f 

Examples. 
l!  2.  3.  4. 

57935  84935  613975  8473965 

10  100  1000  10000 


Prod.  579350 


CASE 
*  The  reafon  of  this  method  is  obrious  :  For  any  number,  multiplied  by  tlie 
component  parts  of  another  number,  mufl:  give  the  fame  producft,  as  thougli  it  were 
multipUed  by  that  number  at  once  :  Thus,  in  example  firft,  5  times  the  pi  odudl  of 
7,  multipUed  into  the  given  number,  makes  35  times  that  given  number,  as  plain- 
ly, as  5  times  7  makes  35. 

f  This   is  evident  from   the  nature  of  numbers,  fince  every  cypher   annexed  to 
the  right  of  a  number  increafes  the  value  of  that  number  in -a  tenfold  proportion. 


SIMPLE  MULTIPLICATION.  25 


CASE    VL 

To  multiply  by  99,  999,  ^c.  in  one  line  :  Place  as  many  dots  at  the 
right  hand  of  the  multiplicand,  as  there  are  figures  of  9  in  your  mul- 
tiplier, which  dots  suppose  to  be  cyphers  ;  then,  beginning  with  the 
right  hand  dot,  sub  trad:  \he  given  multiplicand  from  the  new  one,  and 
the  remainder  will  be  the  produd.* 


Examples. 

L 

2. 

3. 

6473  . . 

857389... 

5384976 

99 

999 

9999 

640827  856531611  53844375024- 


That  these   ^dmpl6s  may  appear  as  clear  as  possible,  I  will  il- 
lustrate them  by  giving  j^other. 

Mult.  371967  . . .  r  According  to  the  rule,  I  371967  . . .  Minuend. 
by         999        \       it  will  stand  thus,      J        371967  Subtrah. 

371595033                                                 37 1595033  Rem.  or  to- 
— — tal  Prod. 


CASE     VIL 

To  multiply  hy  13, 14, 15,  £ffr.  /<?  19 ;  also  from  101  /o  1 09, /rom  \(^\to 
1009,  ^c.  :  Multiply  with  the  unit  figure  only,  of  the  multiplier,  re- 
moving the  product  one  place  to  the  right  hand  of  the  multiplicand, 
and  so  many  places  further  as  there  may  be  cyphers  between  the  sig- 
nificant figures  ;  then  add  all  together,  and  their  sum  will  be  the 
produdl. 

Examples. 


*  Here  It  may  eafily  be  feen  that,  if  you  multiply  any  fum  by  9,  the  produ<f>. 
will  be  but  9  tenths  of  the  produdl  of  the  fame  fum,  multiplied  by  10 ;  and  as  the 
annexing  of  a  dot  or  cypher,  to  the  right  hand  of  the  multiplicand,  fuppofes  it  to 
be  increafed  tenfold  ;  therefore,  fybtradling  the  given  multiplicand  from  the  ten- 
fold multiplicand,  it  13  evident  that  the  remainder  will  be  ninefold  the  laid  givca 
multiplicand,  equal  to  the  produ(il  of  the  fame  by  9  ;  and  the  fame  will  hold  true 
of  any  number  of  nines. 

Notcy  When  the  multiplicand  has  a  fra(5lion  added  to  it,  as  one  fourth,  one  half, 
&c.  add  fuch  a  part  of  the  multiplier  as  the  fra<Slion  makes,  to  the  laft  produ«5l  ' 
But  when  fuch  fraiftion  belongs  to  the  multiplier,  add  te  the  lUlt  pr«dU<Sl  futh  a 
part  of  the  multiplicand  as  the  fra^vuu  denotes. 


^2%  '  SIMPLE  MULTIPLICATION. 


Examples. 

L 

2.. 

3. 

759G4<xl3 

7598X104. 

6735X1005 

227892 

30392 

33675 

Prod.      987532 


CASE     VIIL 

To  multiply  hy  21,  31,  4-1,  ^c.  to  91,  also  by  the  same  figures  iv'ith 
any  number  of  cyphers  between  them  :  Multiply  by  the  left  hand  figure, 
only,  of  the  multiplier,  and  set  the  unit  figure  of  the  produft  one 
place  to  the  left,  and  as  many  places  further  as  there  are  cyphers  be- 
tween the  significant  figures  ;  and  add  the  numbers  together  for  the 
produd. 

Examples. 
1.  2.  ♦  ?. 

73918   x21  56934.   x301  45936   X^OOl 

147836  170802  133744. 


Prod.    1552278  17137134  183789936 


CASE     IX. 

To  multiply  any  number,  viz,  whole  or  decimal,  by  any  number,  giving 
only  the  Produd; :  Put  down  the  produdl  figure  of  the  first  figure  of 
the  multiplicand  by  thej^rj/  of  the  multiplier.  To  the  produft  of  the 
secotid  of  the  multiplicand  by  thejfrj^  of  the  multiplier,  add  the  num- 
ber to  be  carried,  and  the  produdt  of  the  first  of  the  multiplicand  by 
the  second  of  the  multiplier  ;  then,  carrying  for  the  tens  in  the  sum, 
put  down  the  rest.  To  the  produft  of  the  third  of  the  multiplicand  by 
the  first  of  the  multiplier,  add  the  number  to  be  carried,  and  the  pro- 
dud:  of  the  second  of  the  multiplicand  by  the  second  of  the  multiplier, 
also  the  produjft  of  ihe first  of  the  multiplicand  by  the  third  of  the  mul- 
tiplier, carry  the  tens,  and  put  down  the  rest,  and  so  proceed  till  you 
have  multiplied  the  highest  of  the  multiplicand  by  the  lowest  of  the 
multiplier.  Then  multiply  the  highest  of  the  multiplicajid  by  the 
second  of  the  multiplier  :  Add  the  number  to  be  carried,  and  the  pro- 
du6l  of  the  last  but  one  of  the  multiplicand  by  the  third  oi  the  multipli- 
er, and  the  produdt  of  the  last' but  two  of  the  multiplicand  by  the 
fourth  of  the  multiplier,  &c.  Then  to  the  product  of  the  last  but  one 
of  the  multiplicand  by  the  fourth  of  the  multiplier  ;  and  so  proceed 
till  you  have  multiplied  the  last  of  the  multiplicand  by  tlie  last  of  tlie 
multiplier,  which  finishes  the  work. 

Example, 


DIVISION.  ^ 

Example,  Explanation,        

Mult.  5321415  5x4=20 

By  2354 

.1x4  +  2+5x5=31 

Prod.   12526610910  

u..  4x4+3+1x5+5x3=39 

1x4+3  +  4x5+1x3+5x2=40 

2x4+4+1x5+4x3+1x2=31 


3x4  +  3+2x5+1x3+4x2=36 

.5x4+3+3x5+2x3+1x2=46 

.OX  5+4+3X  3+2X  2=42 

5X  3+4+3X  2=25 

5x2+2=12 


DIVISION 


TEACHES  to  separate  any  number,  or  quantity  given,  into  any 
number  of  parts  assigned  ;  or  to  find  how  often  one  number  is  con- 
tained in  another  ;  or  from  any  two  numbers  given,  to  find  a  third, 
which  shall  consist  of  so  many  units,  as  the  one  of  those  given  num- 
bers is  comprehended  in  the  other  j  and  is  a  concise  way  of  per- 
forming several  Subtradtions. 

There  are  four, principal  parts  to  be  noticed  in  Division,  viz. 

1.  The  Dividend,  or  number  given  to  be  divided. 

2.  The  Divisor,  or  number  given  to  divide  by. 

3.  The  Quotient,  or  answer  to  the  question,  which  shews  how 
often  the  divi<;or  is  contained  in  the  dividend. 

4.  The  Remainder  (which  is  always  less  than  the  divisor,  and  of 
the  same  name  with  the  dividend)  is  very  uncertain,  as  there  is  some- 
times a  remainder,  and  sometimes  none.  * 

Division  is  both  simple  and  compound. 

Proof. 
Multiply  the  divisor  and  quotient  together,  and  add  '.he  remainder, 
if  there  be  any,  to  the  produtfl ;  if  the  work  be  right,  that  sum  will  \>e 
equal  to  the  dividend. 

D  SIMPLE 


26  SIMPLE  DIVISION. 

SIMPLE    DIVISION 

Is  the  dividing  of  one  number  by  another,  without  regard  to  their 
values:  As  56,  divided  by  8,  produces  7  in  the  quotient :  That  is, 
8  is  contained  7  times  in  5Q.* 

CASE 

*  Accbrding  to  the  rule,  we  refolve  the  dividend  into  parts,  and  find,  by  trial, 
the  number  of  times  the  divifor  is  contained  in  each  of  thofe  parts  ;  and  the  only- 
thing  which  remains  to  be  proved,  is,  that  the  feveral  figures  of  the  quotient,  taken 
as  one  number,  according  to  the  order,  in  which  they  are  placed,  is  the  true  quo- 
tient of  the  whole  dividend  by  the  divifor  ;  which  may  be  thus  demonftrated, 

Dem.  The  complete  value  of  the  firft  part  of  the  dividend,  is,  by  the  nature  of 
notation,  10,  100,  1000,  &c.  times  the  fimple  value  of  what  is  taken  in  the  opera- 
tion ;  accordingly,  as  there  are  1,  2,  or  3,  &c.  figures  ftanding  before  it  ;  and, 
confequently,  the  true  value  of  the  quotient  figure,  belonging  to  that  part  of  the  di- 
vidend, is  alfo  10,  100,  1000,  &c.  times  its  fimple  value  ;  but  the  t!rue  value  of  the 
quotient  figure,  belonging  to  that  part  of  the  dividend,  found  by  the  rule,  is  alfo 
10,  100,  1000,  &:c.  times  its  fimple  value  ;  for  there  are  as  many  figures  fet  before 
it,  as  the  number  of  remaining  figures  in  the  dividend  ;  therefore,  the  firfl  quotient 
figure,  taken  in  its  complete  value  from  the  place  it  flands  in,  is  the  true  quotient 
of  the  divifor  in  the  complete  value  of  the  firfl  part  of  the  dividend.  For  the  fame 
reafon,  all  the  reft  of  the  figures  of  the  quotient,  taken  according  to  their  places, 
are,  each,  the  true  quotient  of  the  divifor,  in  the  complete  value  of  the  feveral 
parts  of  the  dividend  belonging  to  each  ;  becaufe,  as  the  firft  figure,  on  the  right 
hand  of  each  fucceeding  part  of  the  dividend,  has  a  lefs  number  of  figures  ftanding 
before  it,  fo  ought  their  quotients  to  have  ;  and  fo  they  are  aAually  ordered  ; 
confequently,  taking  all  the  quotient  figures  in  order,  as  they  are  placed  by  the 
rule,  they  make  one  number,  which  is  equal  to  the  fum  of  the  true  quotients  of 
all  the  feveral  parts  of  the  dividend  ;  and  is,  therefore,  the  true  quotient  of  the 
wholedividend  by  the  divifor. 

That  no  obfcurity  may  remain,  in  this  demonftration,  it  is  illuftrated  by  the  fol- 
lowing example. 

Divifor  25)74503  Dividend 
1ft  part  of  the  dividend  is  =  74000 

25X2000  =  50000 2000  the  1ft  quotient. 


1ft    remainder  =  24000 
add         500 


2d  part  of  the  dividend  =  24500 

25X900  =  22500 900  the  2d  quotient. 


2d  remainder  =    2000 
add      00 

3d  part  of  the  dividend  =  2000 

25X80  ^  2000 80  the  3d  quotient. 

00 
add     3    , 

4th  part  of  the  dividend  =3  - 

25X0        O 0  the  4th  quotient.      Jf 

Laft  remainder  =  3    — >      2980  =  Sum  of  all  the  quo- 
tients, or,  the  Anfwer. 
Ex  plan.  It  is  evident  the  dividend  is  refolved  into  thefe  parts,  74000-|-500-f-00-|-3; 
for  the  firft  part    of  the   dividend   is    confidered  only  as  74  ;  but  yet  it  is,  truly, 
7.4000  ;  and  therefore  its  quotient,  inftead  of  2,  is  2000,  and  the  remainder  24000  ; 
and  fo  of  the  reft  ;  as  may  be  feen  in  the  operation. 


SIMPLE    DIVISION.  ^7 

CASE      I. 
Rule. — First,  seek  how  many  times  the  divisor  is  contained  In  a 
competent  number  of  the  first  figures  of  the  dividend  ;  when  found, 

place 

When  there  is  no  remainder  to  a  divifion,  the  quotient  is  the  abfolute  and  per- 
fedl  anfwer  to  the  queftion  ;  but  where  there  is  a  remainder,  it  may  be  obferved, 
that  it  goes  fo  much  towards  another  time  as  it  approaches  the  clivifor  ;  thus,  if  the 
remainder  be  half  the  divifor,  it  will  go  half  of  a  time  more,  and  fo  on  ;  in  order, 
therefore,  to  complete  the  quotient,  put  the  laft  remainder  to  the  end  of  it,  above 
a  line,  and  the  divifor  below  it. 

It  is  fometimes  difficult  to  find  how  often  the  divifor  may  be  had  in  the  num- 
bers of  the  feveral  fteps  of  the  operation  :  The  beft  way  will  be  to  find  how  often 
the  firft  figure  of  the  divifor  may  be  had  in  the  firfl,  or  two  firft  figures  of  the 
dividend,  and  the  anfwer,  made  lefs  by  one  or  two,  is,  generally,  the  figure  want- 
ed ;  but,  if,  after  fubtradting  the  produtEl  of  the  divifor  and  quotient  from  the  div- 
idend, the  remainder  be  equal  to,  or  exceed  the  divifor,  the  quotient  figure  mufl: 
be  increafed  accordingly  ;  or,  if  the  produA  of  the  divifor  and  quotient  figure  ex- 
ceed the  dividend,  then  the  quotient  figure  mufl:  be  proportionaljly  lefllened. 

The  reafon  of  the  method  of  proof  is  plain  ;  for,  fince  the  quotient  is  the  num- 
ber of  times  the  dividend  contains  the  divifor,  the  produdl  of  the  quotient  and 
divifor,  mufl:,  evidently,  be  equal  to  the  dividend. 

There  are  feveral  other  methods  made  ufe  of  to  prove  divifion  ;  as  follow,  viz. 

Rule     I. 

Subtract  the  remainder  from  the  dividend  ;  divide  this  number  by  the  quotient, 
and  the  quotient,  found  by  tliis  divifion,  will  be  equal  to  the  former  divifor,  when 
the  work  is  right. 

Rule     II. 

Add  the  remainder  and  all  the  produdls  of  the  feveral  quotient  figures  multiplied 
by  the  divifof  together,  according  to  the  order  in  which  they  (land  in  the  work, 
and  the  fum,  when  the  work  is  right,  will  be  equal  to  the  dividend. 

Here,  the  numbers  to  be  added  are  the  produtfts  of  the  divifor  by  every  figure 
of  the  quotient,  feparately  ;  and  each,  by  its  place,  polFefles  its  complete  value  ; 
therefore,  the  fum  of  the  parts,  together  with  the  remainder,  muft  be  equal  to  the 
wljole.  I  will  illuftrate  the  whole  by  an  example  proved  according  to  the  feveral 
different  methods. 

79)9  8  7  6  5  4  3  2  1(12501953 

7  9*  7 9-{-34  remainder. 

19  7  112517577 

15  8*  87513671 


4-34 


3  9  6 

3  9  5*  987654321  Proof  by  Multiplication. 

.  .  15  4 

...79*  987654321 

.  .  . __34 


7  5  3 


7  1   1*         12501953)987654287(79  Proof  by  Divifion. 
87513671 


4  2  2  . 

3  9  5*  112517577 
112517577 


2  7   1 

2  3  7^ 


3  4' 


987654321      Proof  by  Addition. 
Wc  need  only  to  refer  to  the  example  ;  except  for  tlic  proof  by  addition;  where 
it  may  be   remarked,  that   the  Afttrifnis  flicw  the  numbers  to  bo  added,  and  the 
dotted  lines  their  order. 
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place  the  figure  In  the  quotient ;  multiply  the  divisor  by  this  quotient 
figure,  place  the  produft  under  the  left  hand  figures  of  the  dividend  ; 
then  siibtraft  it  therefrom,  and  bring  down  the  next  figure  of  the 
dividend  to  the  right  hand  of  the  remainder  :  If,  when  you  have 
brought  down  a  figure  to  the  remainder,  it  is  still  less  than  the  divisor, 
a  cypher  must  be  placed  in  the  quotient,  and  another  figure  be 
brought  down  2  after  which,  you'must  seek,  multiply  and  subtra^, 
till  you  have  brought  down  every  figure  of  tlie  dividend. 


1. 

Divifor.    I^vidend  Quotient, 

3)175817(58605 
15 

24 

18 
18 

17 
15 

2  Rem. 
Proof. 
58605  Quotient. 
X3  Divisor  +  2 


Examples, 

In  this  example,  I  find  that  3,  the  di- 
visor, cannot'be  contained  in  the  firft  fig- 
ure of  the  dividend  ;  therefore,  I  take  two 
figures,  viz.  17,  and  inquire  how  often  3 
is  contained  therein,  which  finding  to  be 
5  times,  1  place  the  5  in  *the  quotient,  and 
multiply  the  divisor  by  it,  setting  the  first 
figure  of  the  multiplication  under  the  7 
in  the  dividend,  &c  I  then  sub  trad  15 
from  17,  and  find  a  remainder  of  2,  to 
the  right  hand  of  which  I  bring  down  the 
ne^t  figure  of  the  dividend,  viz,  5  ;  then 
I  inquire  how  often  the  divispr  3,  is  con- 
tained in  25,  and,  finding  it  to  be  8  times, 
I  multiply  by  8,  and  proceed  as  before, 
till  I  bring  down  the  1,  when,  finding  I 
cannot  have  the  divisor  in  1, 1  place  0  in 
the  quotient,  and  bring  down  7  to  the  1, 
and  proceed  as  at  the  first. 


175817 

Observe,  that,  in  multiplying  by  3,  I  add  in  the  2. 
2.  3, 

29) 1 53598(5296  6493)91876375( 14150 


145 


6493 


85 
58 

5. 
35)1971 

8. 
3479)48395 

26946 
25972 

279 
261 

9743 
6493 

188 

174 

32507 
32465 

14 
4. 
28)503775( 

f36)37985a7C 

425 

G.       ' 
S4(      S5)99446Q( 

9. 
6795(    5679)19647394( 

10. 
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10.  11. 

384.73)119184693(  641976)9187642959( 

12. 

5823789)791822376496( 

13. 
123456789)121932631112635269( 

CASE  II. 

When  there  Is  one  cypher,  or^more;  at  the  right  hand  of  the  divisor  :  It  or 
they  must  be  cut  off ;  ^Iso,  cut  off  the  same  number  of  figures  from 
the  dividend,  and  then  proceed  as  in  Case  first :  But  the  figures  which 
were  cut  off  from  the  dividend  must  be  placed  at  the  right  hand  of 
the  remainder.* 

Examples. 
1.  2. 

65100)3794326175(58374  5193l000)8937643|893('  ' 

325 

544  3. 

520  917|0)47658i3( 


243 

195  4. 

- —         ,  •  875|000)9l7647S9430l000( 

482 

455 


276 
260 


1675  Rem. 
5.  6.  7. 

Quot.  Rem.  Quot.  Rem.  ^      Quot.    Rem. 

1|0}9584|6  1|00)76495;80  Il000)93751839i462 

Note.  In  dividing  by  10,  100,  Ki'JO,  &c.  when  you  cut  off  as  many 
figures  from  the  dividend,  as  there  are  cyphers  in  the  divisor,  your 
work  is  done  ;  those  figures,  cut  off  at  the  right  hand,  are  the  remain- 
l^er,  and  those  on  the  left,  the  quotient,  as  above. 

CASE 

*  Tlie  rcafon  of  this  contratSb'on  is  eafy  to  conceive  ;  for  cutting  off  the  fam« 
fi;^ures  from  each,  is  the  fame  as  diviilii^or  each  of  them  by  10,  100,  1000,  &c.  and 
it  is  evident,  tliat  as  often  as  the  whole  divifor  is  contained  in  the  wliole  divi<lend, 
fo  often  mufl:  any  part  of  the  divifor  he  contained  in  the  hke  part  of  the  dividend  ; 
this  method  is  only  to  avoid  aneedld's  re]>ctitiou  of  cyphers,  wliich  would  happcu 
in  the  common  way. 


3© 
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CASE     III. 
Short  Division  is,  when  the  divisor  does  not  exceed    12. 

Rule. 
First,  seek  how  often  the  divisor  can  be  had  in  the  first  figure,' or 
figures  of  the  dividend  ;  which,  when  found  ,place  in  the  quotient  ; 
then,  mentally^  multiply  your  divisor  by  the  figure  placed  in  the  quo- 
tient, and  subtraa:  the  produft  from  the  like  number  of  the  left  hand 
figures  of  your  dividend,  and  the  units  which  remain,  must  be  ac- 
counted so  many  tens,  which  you  must  suppose  to  stand  at  the  left 
hand  of  the  next  figure  in  the  dividend,  and  to  be  reckoned  with  it  ; 
then,  seek  how  often  you  can  have  your  divisor  in  those  two  figures  ; 
but,  if  nothing  remain,  you  must  then  seek  how  often  your  divisor  is 
contained  in  the  next  figure,  or  figures,  and  thus  proceed  till  you 
have  done. 


Divifor,  Dividend. 
2)71935 


Examples. 

2.  3.  4.  5. 

3)51903        5)633795       6)84^71937       7)193847 


Quot.  35967—1 


8)5437846 


7. 
9)45963784 


8. 
11)91843756 


9. 
12)1196437847536 


CASE     IV.     * 
When  the  divisor  is  such  a  number  that  any  two,   or  more,  figures  in  the 
Table,   being  multiplied  together,  will  produce  it  :    Divide  the  given  div- 
idend  by  one  of  those  figures  ;  the  quotient,  thence  arising,  by  the 


other,  and  so  on 


and  the  last  quotient  will  be  the  answer.* 

Examples. 


*  This  follows  from  the  contradtion  in  cafe  Sd,  of  Simple  Multiplication,  of 
which  it  is  only  the  reverfe  ;  for  the  fourth  part  of  the  half  of  any  thing  is  evi- 
dently the  fame  as  the  eighth  part  of  the  whole  ;  and  fo  of  any  other  number. 

As  the  learner  at  preient  is  fuppofed  to  be  unacquainted  with  the  nature  of 
fradlions,  and  as  the  quotient  is  incomplete  without  the  remainder  ;  I  fliall  here 
give  a  rule  for  jSnding  the  true  remainder,  without  having  recourfe  to  fradlions. 

Rule    I. 

Multiply  the  quotient  by  the  divifor  :  Subtract  the  producSt  from  the  dividend}* 
and  the  refult  will  be  the  true  remainder. 

The  Rule,  which  is  moll  commonly  made  ufe  of,  when  the  divifor  is  a  compo- 
fite  numbec^  is 

Rule     II. 
Multiply  the  lafl:  remainder  by  the  preceding  divifor,  or   lafl:  but  one,  and  to 
the  produd;  add  the  preceding  remainder  ;  multiply  this  fum  by  the  next  preced- 
ing divifor,  and  to    the  produ(5t  add  the  next  preceding  remainder  ;  and  fo  on,  till 
vou  have  gone  through  all  the  divifors  and  remainders,  to  the  firfb 

Example. 
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Examples. 
1^/.  method.  '2d.  method.  Sd.  method. 

9)196473  8)1964.73  72)1964-73(2728  Quot. 

144^ 

8)21830  9)24559  

^  524 

Quot.    2728—57  Quot.  2728—57  504 

207 
144 

633 
576 

57  Remainder. 
I  have  wrought  the  above  question  three  wjtys,  that  the  learner 
may  understand  the  method  of  finding  the  true  remainder,  according 
to  this  case.  In  the  ^rst,  in  dividing  by  9,  3  remains,  and  by  8,  6 
remains  ;  which  being  the  last  remainder,  I  multiply  it  by  the  first 
divisor  9,  and  add  in  the  first  remainder  3,  and  they  make  57,  the 
true  remainder.  In  the  second  method,  dividing  by  8,  1  remains,  and 
by  9,  7  remains  ;  I  therefore,  multiply  7,  the  last  remainder,  by  8, 
adding  in  the  1,  and  they  make  57  as  before.  The //jW  method  is 
self  evident,  and  shews  that  the  other  remainders  are  true. 

2.  3.  4.      .  5. 

36)79638  25)197835  8  )93975  54)93738764 

6.  7.  8. 

121)75323939  132)38473692  144)891376429732 

Supplement 

Example. 
6)85397  divided  by  150  1  the  laft  remainder. 

multiply  by  *5  the  laft  divifor  but  on?. 

*5)H232— 5 


5 


5)2846 — 2  add  2  the  fecond  remainder. 

569—1  7 

multiply  by  6  the  firfl:  divifor. 

Ans.  569AV  ^^ 

add     5  the  firft  remainder. 

47  the  true  remainder. 
To  explain  this  rule  from  the  example,  we  may  obftrvc,  that  every  unit  in  tJic 
firft  quotient  may  be  looked  upon  as  containing  (i  of  the  units  in  the  given  divi- 
dend ;  confequcntly,  every  unit  v^rhich  remains,  wiU  contain  the  fame  ;  therefore, 
this  remainder  muft  be  multiplied  by  6,  to  find  the  units  it  contains  of  the  givea 
dividend.  Again,  each  unit  in  the  next  <iuotient  will  contain  5  of  the  preceding 
ones,  or  SO  of  the  firft,  that  is,  G  times  5  ;  therefore,  what  remains  muft  be  mul- 
tiplied by  SO,  or,  which  is  the  fame  thing,  by  6  and  5  continually  :  Now,  this  is 
the  fame  as  the  Rule  ;  for  inftead  of  finding  the  remainders,  fcparatcly,  they  are 
reduced  from  rhe  bottom,  upwards,  ftcp  by  ftcp,  lo  one  anotlwr,  and  the  rcraaiu- 
ing  units,  of  ^Ue  fame  c^afs,  tak«n  a»  they  occur. 
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Supplement  to  Contra8ions  in  Multiplication. 

1.  The  shortest  method  of  multiplication,  when  the  multiplier  i3 
any  even  part  of  100,  1000,  &c  is  by  division  :  For  if  the  multipli- 
cand be  increased  by  a  number  of  cyphers  equal  to  the  number  of 
places  in  the  multiplier,  and  a  part  of  that  produ61:  taken  for  the  same 
proportion,  which  the  multiplier  bears  to  1,  and  the  same  number  of 
cyphers  annexed  to  it,  the  quotient  will  be  the  true  produft 

1.     Multiply  39756  into  125.  2.     Multiply   5763??  by  SS^- 

1 25=1  of  1 000,  wherefore,  33  }==^  of  J  00,  therefore, 

8)39756000  3)5763S00 


4969500  Produd. 


19212661  Produ(5l. 


3* 


3.     Multiply.  91 378  by  33 
333^  =  ^  of  1000,  therefore, 
3)91378000 

304593334-  Produd. 
2.  If  any  digit,  with  cyphers  annexed,  be  divided  by  9,  the  quotient 
will  consist,  wholly,  of  such  dibits,  mnd  s6  many  9ths  of  an  unit  over  ; 
lience  the  following  method  of  multiplying  by  repetends   of  any  of 
the  digits. 

1.  2.  3 

645  by  8888.  5394  by* 66666.  3798  by  444 

80000  600000  4000 


9)51600000 

5733333 
Subtraa  573 


9)3236400000 

359600000 
Subt.      3596 


Produa:.  5732760    Prod.  359596404 


Subt. 
Prod. 


9)15192000 

1688000 
1688 


1686312, 
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1.    Federal  Money.* 

marked.  mills. 


10  Mills  ")  %  rCent  m.c 
10  Cents  /  °  3  Dime  d 
10  Dimes  (^  )  Dollar  D 
lODollarsJ  g  (.Eagle   E 


i 


10=       1  cent. 
100==     10=     Idime. 
1000=   100=3=   10=   1  dollar. 
10000=1000=100=10=1  eagle. 
2.   English 

*   It  may  be  proper  to  introduce  here  an  account  of  the  Federal  Money,  as  fet- 
tled by  Congrel's,  the  8th  of  Auguft,  1786,  when  it  was  «  Refolved^ 
^  "  That  the  ftandard  of  the  United  States  of  America,  for  gold   and  filver,  fliall 
be  eleven  parts  fine  and  one  part  alloy. 

"  That  the  Money  Unit  of  the  United  States  (being  by  the  Refolve  of  Congrefs, 
of  the  Gth  July,  1785,  a  Dollar)  fliall  contain,  of  fine  filver, 375-^?^^  grains. 

"  That  the  money  of  account,  to  correfpond  w^ith  the  divifiion  of  coins,  agreea- 
bly to  the  above  Refolve,  proceed  in  a  decimal  ratio,  agreeably  to  the  forms  and 
manner  following,  viz.  "  MiU, 
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2.   English  Money. 

marked 
4  Farthings  1  f  Penny         qrs,  J, 

12  Pence        J- make  one  <  Shilling       s. 


20  Shillings  j 


(.Pound. 


Farthings. 

4  ==      1  Penny. 
48  =    12=    1  Shilling. 
960  =  240  =  20  =  1  Pound. 
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Pence    Tables. 


d.         s. 

d. 

d.         s.     d. 

s.         d. 

s.        d. 

20  =  1 

8 

120=10     0 

1  =    12 

11  =  132 

30  =  2 

6 

130=  10  10 

2  =    24 

12  =  144 

40  =  3 

4 

140=11     8 

3  =    36 

13  =  156 

50  ==  4 

2 

150=12     6 

4  =    48 

14  =  168 

60  =  5 

0 

160=13     4 

5  =    60 

15  =  180 

70  ==  5 

10 

170=14     2 

6  =    72 

16  =  192 

80  =  6 

8 

180=15     0 

7=    84 

17  =  204 

90  =  7 

6 

li}0=15  10 

8  =    96 

18  =  216 

100  ==  8 

4 

200=16     8 

9  =108 

19  =  228 

110  =  9 

2. 

240  =  20     0 

10  =  120 

20  =  240 

3.  Troy 

"  Mill,  the  lowefl:  money  of  account,  of  which  1000  fliall  be  equal  to 
the  federal^doUar,  or  money  unit,         ------.       0,001« 

M  Cent,  the  higheft  copper  piece,  of  which   100  fhall  be  equal  to  the 
federal  dollar,  _---_»--._      0,010. 

«  Dime,  the  lowefl  filver  coin,  of  which  10  fliall  be  equal  to  the   dollar,    0,100* 

"  Dollar,  the  highefl:  filver  coin,         __-_-.-     1,000. 

«  That,  betwixt  the  dollar  and  the  lowefl:  copper  coin,  as  fixed  by  a  refolve  of 
Congrefs  of  the  6th  of  July,  1785,  there  fliall  be  three  filver  coins,  and  one  copper 
coin. 

"  That  the  filver  coins  fliall  be  as  follow  :  One  coin  containing  IBI^  grains 
of  fine  filver,  to.be  called  a  Half  Dollar  :  One  coin  containing  75  ""  grains  of 
fine  filver,  to  be  called  a  Double  Dime  :  And  one  coin  containing  37_^^  grains 
of  fine  filver,  to  be  called  a  Dime. 

"  That  the  two  copper  coins  fliall  be  as  follow  :  One  equal  to  the  One  hun- 
dredth part  of  the  federal  dollar,  to  be  called  a  Cent :  and  one  equal  to  the  two 
hundredth  part  of  the  federal  dollar,  to  be  called  a  Half  Cent. 

"  That  "-Z^^h.  Avoirdupois  weight  of  copper,  fliall  confHtute  lOO  Cents. 

"  That  there  fliall  be  two  gold  coins  :  One  containing  'J6-1  rJL"^  grains  of  fine 
gold,  equal  to  10.  dollars,  to  be  ftamped  with  the  impreflion  of  the  American  Ea- 
glcj  and  to  be  chilled  an  Ea'^le  :  One  containing  liJS  '  ^^■*  grains  of  fine  gold,  equal 
to  5  dollars  to  be  ftamped  in  like  manner,  and  to  be  called  a  H.ilf  En^le. 

"  That  the  mint  nricc  of  one  poiuid  Troy  weight  of  uncoined  gold, eleven  parts 
fine,  and  one  part  alloy,  fliall  be  9  dollars,  9  dimes  and  :.'  cents. 

"  That  the  mint  price  of  one  pound  Troy  wdght  of  uncoinid  gold,  clcT«n 
parts  fine  and  one  part  allov,  fliall  be  209  dollars,  7  dimes  and  7  cents." 
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3.  Troy  Weight.* 

24  Grains                 make  one     Pennyweight,    marked  grs.   pwt, 
20  Pennyweights      -    -    -     -     Ounce,      -     -      -      -     oz. 
12  Ounces  .       -    .      .      Pound, 2^ 

Grains. 

24  =       ]  Pennyweight. 
480  =     20  =     I  Ounce. 
5760  =  240  =  12  =  I  Pound. 


4.  Avoirdupois  WEiGHx.f 
16  Drams    -         make  1     Ounce,  marked  dr.     ot. 

lb 

qr. 


16  Ounces 

_     - 

Pound, 

. 

28  Pounds 

- 

-     Quarter 

of  a 

hundred  wt.           -         < 

4  Quarters     - 

.     . 

Hundred  wt. 

or  112  pounds,       -     C\ 

^0  Hundred  wt. 

-     - 

-     Ton, 

- 

-      _    ' 

Drams. 

16  = 

1 

Ounce. 

^56  = 

16 

=         1  Pound. 

7168  = 

448 

=       28  = 

1  Quarter. 

28672  = 

1792 

=    112  = 

4  = 

=     I  Hund.  v.t. 

573440  = 

35840 

=  2240  = 

80  = 

=  20=1  Ton. 

5.  Apothecaries' 

T. 


*'  By  this  weight  are  weighed  Gold,  Silver,  Jewels,  Ele(fJ:uaries,  and   all  liquory.- 

An  ounce  of  gold  is  divided  into  24  parts,  called  carats,  and  an  ounce  of  filver, 

into  20  parts,  called  pennyweights  ;    therefore,  to  difting-uifli    finenefs    of   metals., 

fuch  gold  as  will  abide  the  fire  without  lofs,  is  accounted  24  carats  fine  :    If  it  lose 

2  carats  in  trial,  it  is  called  22  carats  fine,  &c.  % 
A  pound  of  lilver,  which  lofes  nothing  in  trial,  is  12  ounces  fine  ;    but,  if  it  lofe 

3  pennyweights,  it  is  11  oz.  17  pwts.  fine,  &c. 

Alloy  is  fome  bafe  metal  with  which  gold  or  filver  is  mixed  to  abate  its  finenefs  ; 
22  carats  of  gold,  and  2  carats  of  copper,  are  efleemed  the  true  ftandard  for  gold 
coin  in  England,  the  alloy  being  one  eleventh  part  of  the  fine  gold  :  and  1 1  oz.  2 
pwts.  of  fine  filver,  melted  with  ISpwts.  of  copper,  make  the  true  ftandard  for  filver 
coin. 

Note.  175  Troy  ounces,  are  preclfely  equal  to  192  Avoirdupois  ounces,  and  175 
Troy  pounds  are  equal  to  144  Avoirdupois.  1  lb.  Troy  =5760  grains,  and  1  Ih. 
Avoirdupois  =  7000  grains. 

f  By  Avoirdupois  are  weighed  all  coarfe  and  drofly  goods,  grocery  and  chand- 
lery wares  ;  bread,  and  all  metals,  except  gold  and  filver. 

A  barrel  of  pork  weighs  220  tb.     A  barrel  of  beef,  220 tb.     A   quintal   of  fifli, 

1  Cwt.  Avoirdupois.     1 2  particular  things  make  one  dozen  ;  1 2  dozen  1  grofs,  and 

2  44  dozen  1  great  grofs.     20  particular  things  make  1  score, 

ib  A  Stone  of  Iron,  fhot,  ">    Ih. 

A  Firlun  of  Foreign  Butter                  5G  or  horfeman's  weight,  j    14 

Soap  94  Butcher's  Meat,       8 

A  Barrel  of  — Anchovies           SO  A  gallon  of  Train  Oil          7^ 

Soap  256  A  Tod  is 28 

Raifins               112  A  Weigh       -     .     -     -    182 

Prunes  1120  A  Sack 364 

Lead        ]9|  Cwt.  A  Lail 4.36S 
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5.    Apothecaries'  "^eight.^ 


•20  Grains         make  one     Scruple, 

marked  gr.   5 

3  Scruples        -       -     -     Dram,  -         -         -         -        5 

8  Drams   -    -       -            Ounce,       -         -         -         -   § 

12  Ounces           -         -      Pound,  -         -        -        -     lb. 

Grains. 

20  =      1  Scruple. 

60  =      3=1  Dram. 

480  =    24  ==    8  =     1  Ounce. 

5760  ==  288  =^  96  =  12  =1  Pound. 

6.  Cloth  MEAsuRE.f 

2  Inches,  and  one  fourth         -       -     make  1     Nail,   marked  in.   na« 

4  Nails,  or  p  Inches         -         .          -        -       Quarter  of  a  yard,  qr. 

4  Quarters  of  a  yard,  or  36  Inches       -        -     Yard,       -        -       yd. 

3  Quarters  of  a  yard,  or  2?  Inches          -          Ell  Flemish,       E.  Fl. 

5  Quarters  of  a  yard,  or  45  Inches     -         -       Ell  English,     -  E.  E. 

6  Quarters  of  a  yard,  or  54  Inches         -       -     Ell  French,        E.  Fr, 

4  Quarters,  1  Inch  &  one  5th,  orl      ^         .    ♦hI  Scotch,    -     E.  Sc. 
S7  Inches  and  one  fifth         -      J 

3  Quarters  and  two  thirds        -     -        -      -     Spanish' Var. 

Nails,    4=1  Quarter. 

16  =  4  =  1  Yard. 

12=,3-=  1  Flemish  Ell. 

20  =5=1  English  Ell. 

24  =  6  =  1  French   Ell. 

7.     Long  Measure4 

3  Barley  corns            -            make  1  Inch,              piarked  bar.  m. 

12  Inches              -                    -                Foot,                                      ft. 

3  Feet                 -                   -                 Yard,                                  yd. 

5i  Yards,  or  16^  feet            -               Rod,  Perch,  or  Pole,        pol. 

40  Poles              -     ,               -                   Furlong,                            fur. 

8  Furlongs             -              -                   Mile,                                 mile. 

69i  Statute  miles,  nearly^ 

Degree  of  a                       , 
great  Circle,                     ^^S' 

360  Degrees        ,            ^          -          . 

A  great  Circle 
.  of  the  Earth. 

Or, 

•  All  the  weiglvts  now  ufed  by  Apothecaries,  above  grains,  are  Avoirdupois. 

The  Apothecaries'  pound  and  ounce,  and  the  pound  and  ounce  Troy  are  the 
fame,  only  differently  divided  and  fubdivided, 

f  All  Scotcli  and  Jrifli  linens  are  bought  by  the  Englifli  or  American  yard,  which 
is  the  lame,  and  all  Dutch  Uncus  by  the  Ell  Flemifli ;  but  are  all  fold  in  America  by 
the  American  yard  :  though  the  Dutch  linens  are  fold  in  England  by  the  Ell  Eng- 
lifli,  and  the  Scotch  and  Irifli  linens,  as  in  America. 

The  Scotch  allow  one  Englifli  yard  in  every  fcorc  yardi. 

\  The  ufe  of  Long  MeaCure  is  to  meafure  the  diftance  of  place*,  or  any  otheP 
thing,  where  length  is  confidered  without  regaid  to  breadth. 

Note.  GO  geometrical  miles  make  a  degree.  A  inches  a  hand.  5  feet  a  geomet- 
rical pace.  6  points  make  1  line,  12  lines  an  inch,  VI  inches  a  foot,  and  6  feet  one 
French  toife,  or  fathom,  equal  to  (>  feet  4  inches,  8,812,875  Uncs,  Engliih  meafure. 
1  Englifli  foot  equtd  to  11  inches,  31154  line*  French.  <>6  feet,  or  4  poles,  make 
M  Guiiter'8  chain.  '  3  miles  make  a  league. 
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Or,  in  Measuring  Distances, 
TtH  Inches        -  make  1  Link. 

25  Links  -  -  Pole. 

100  Links  -  -  Chain. 

10  Chains  -  -  Furlong. 

8  Furlongs  -  -  Mile. 

Bar.  corns,  3  =  1  Inch. 

36  =        12  =         I  Foot. 
108  =         36  =         3    =  1  Yard. 

594-  =       198  =       16^  =  '       5i=      1  Pole. 
23760  =    7960  =     660    =       220  =    40  =  1  Furlong. 
lOOOSO  =  63360  =   5280    =     1760  =  320  =  8  =  1  M. 

Inches,     7^11  =        1  Link, 

198        =      25  =      1  Pole  or  Perch. 
792        =     100  =      4=1  Chain. 
7920        =  1000  =    40  =  10  =  1  Furlong. 
63360        =  8000  =  320  =  80  =  8  =  1  Mile. 

8.     Time  * 
60  Seconds  -  -         -        make  1  Minute,  marked  s.  m., 

60  Minutes         -  -  ,  .  Hour,  h. 

24  Hours  ....        Day,  d. 

7  Days  .  -  -        .  Week,  w. 

4  Weeks         -  ...  ,  Month,  mo. 

}3  Months,  1  day  &  6  hours        •  -         Julian  year,  yr. 

Seconds,  60  =  1  Minute, 

3600  =        60  =      1  Hour. 
86iOO  =    1440  ^     24  =     1  Day. 
604800  ■=  10080  =  168  ==    7  =  1  Week, 
2419200  ==  403^0  =  672  =  28  =  4  ==  1  Month. 
6ec  Min  h.  d.     h.   '  w.   d.  h, 

31557600  =  575960  =  8766  =  365  6  =  52  16=  1  Julian  year.f 
31558154  =  505969  =  8766  =  365  6  9  14  =  1  Period,  year.^ 
315569:>7  =  525948  =  8765  =x  365  5       48  57    ^  Tropical  year.^ 

9.  Motion. 
*  By  the  Calendar,  the  year  Is  divided  in  the  following  manner  : 
Thirty  days  hath  September,  April,  June,  and  November  ; 
February  twenty-eight  alone,  ajid  all  the  reft  have  thirty-one. 
When  yqu  can  divide  the  year  of  our  I^ord  by  4,  without   any  remainder,  it  is 
^hen  Bifiextire,  or  Leap  Year,  in  which  February  has  29  days. 

f  The  civil,  folar  year  of  365  days,  being  fliort  of  the  true  by  5h.  48m.  57f.  occa- 
fioned  the  beginning  of  the  year  to  run  forwards  through  the  feafons  nearly  1  day 
in  four  years.  On  this  account,  Julius  Csfar  ordained  that  one  day  fliould  be  added 
to  February,  every  fourth  year,  by  caufmg  the  24th  day  to  be  reckoned  twice  ;  and 
becaufe  this  24thday  was  the  fixth,(iextilis)  before  the  kalends  of  March,  there  were 
in  this  year,  two  of  thefe  fextiles,  which  gave  the  name  of  Biirextile  to  this  year, 
which,  being  thus  corredlcd,  was  from  thence  called  the  JuUan  year. 

^  A  juft;  and  equal  irieafure  of  the  year  is  called  the  periodical  year,  as  being  the 
time  of  the  earth's  period  about  the  fun  ;  in  departing  from  any  fixed  point  in  the 
heavens,  and  returning  to  the  fame  again. 

§  The  feveral  points  of  the  ecliptick  Uaving  a  retrograde,  or  backward  motion, 
the  equinox  will,  as  it  were,  meet  the  fun  ;  by  which  mean  the  Xun  will  arrive  at 
^ke  Equinox,  or  firft  point  of  Aries,  before  his  revolutiop  is  coippleted,  ^dtbis  fpace 
of  time  is  called  ^he  tropical  yean 
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§7 


9. 


Motion. 
make  1 


60  Seconds 
60  Minutes 
30  Degrees 

12  Signs,  or  360  degrees 

Seconds,  60  =  1  Minute. 

3600  =        60  =      1  Degree. 
108000  =     1800  =     SO  =     1  Sign. 
1296000  =  21600  =  360  =  12  =  Zodiack 


{ 


Prime  minute,  marked  "  ' 
Degree,  • 

Sign,  ^       s. 

The  whole  great  circle 
of  the  Zodiack.* 


14^  Inches 
9  Feet 
3ai^  Yards,  or 
272^:  Feet 
40  Poles 
4  Roods,  or  160  Rods, 
or  4840  yards 
690  Acres 


10.     Land  or   Square  Measure. 

make  1     Square  foot. 
Yard, 

Pole. 

— ^ —  Rood. 

I  ^  JUL-  Acre. 

Mile. 


} 


Inches,  144  =       1  Foot. 

1296  =       9  =      1  Yard. 
39204  =    272i  .-=    30|:  =     1  Pole. 
1568160  =    10890  =    1210  =    40  =    1  Rood. 
6272640  =    43560  =    4840  =    160  =    4  =   1  Acre, 
4014489600  =  27878400  ?=  3097600  =  102400  =  2560  =  640  =  1  Mil^ 


11.  Solid 

1728  Inches 
27  Feet 
40  Feet  of  round  Timber,  or 

50  feet  of  hewn  Timber 
128  Solid  Feet,  i.e.  8  in  length,  41 
in  breadth  and  4  in  height,  \ 


;-}. 


MEASURE.f 

make  1  Foot. 
Yard. 

Ton  or  Load. 
Cord  of  Wood. 


2  Pints 

4  Quarts 
]  0  Gallons 
18  Gallons 
31  i  Gallons 
42  Gallons 
63  Gallons 

2  Hogsheads 

2  Pipes 


12.     Wine  Measure  % 

make  1     Quart, 
Gallon, 


marked  pts.  qts. 
gal. 

Anchor  of  Brandy,     anc. 
Runlet,  run. 

Half  an  Hogshead,  ^hhd. 
Tierce,  tier. 

Hogshead,  hhd. 

Pipe  or  butt,  P.  or  B. 

Tun,  Tun. 

Cubick 
2  figns,  through 


•  The  Zodiack  is  a  great  circle  of  the  fphere,  containing  the 
wliich  the  iun  paHes.  ** 

\  By  Solid  Mcafure  are  ineafured  all  thhigB  that  have  length, breadth  and  depth . 
All  Brandies,  Spirits,  Perry,  Cidor,  Mead,  Vinegar,  Honey  and  Oil.  ;'i  e  mcafur- 
cd  by  Wiiic  Meaiure  :  Money  is,  commoniy,  fcid  by  the  pouud  Avoirdupois. 
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Gubick  Inches. 

28|  = 

1 

Pint. 

571  = 

2 

= 

1 

Quart. 

231  = 

8 

= 

4 

=      1 

Gallon. 

9702  = 

336 

= 

168 

=    42 

=  1   Tierce. 

14.553  = 

504 

= 

252 

=    63 

=  H= 

1   Hogskead. 

19404  = 

672 

= 

336 

=     84 

=  2  = 

14-=  1  "Puncheon. 

29106  = 

1008 

= 

504 

=  126 

=  3  = 

2  =  1J=  1 

Pipe. 

58212  ^  2016  =  1008  =  252  =  6=4=3=2    =    1  Tun. 
15.     Ale  or  Beer  Measure.* 


2  Pints     -            -             -    make  1  Quart,            marked  pts.  qtsu 

4  Quarts         -             -             -             Gallon, 

sal. 

8  Gallons  -             -           ^             -      Firkin  of  Ale  In  Lond.  A.lfir. 

8i  Gallons         -             -             -            Firkin  of  Ale  or  Beer. 

9  Gallons     -           .   |^     .             >      Firkin  of  Beer  ill  Lond. 

B.  fir. 

2  Firkins          -             -             -            Kilderkin, 

kil. 

^  Kilderkins            -          -             -       Barrel, 

bar. 

It  Barrel,  or  54  Gallons           -             Hogshead  of  Beer, 

hhd. 

2  Barrels            .             -             -          Puncheon, 

pun. 

3  Barrels  or  2  Hogsheads     -           -     Butt, 

butt. 

Beer. 

Cubick  Inches. 

35^:  =:       1  Pint. 

70^  =      2  =      1  Quart. 

282  =      8  =      4  =      1    Gallon. 

2538  =     72  =    36  =      9=1   Firkla. 

5076  =  144=    72=    18=    2=1    Kilderkin. 

10152  =  288  =  144  =    36  =    4=2=1     Barrel. 

15228  =  432  =  216  =    54  =    6=  3=  H  =  1  Hogshead- 

203(:4  =  576  =  288  =    72  =    8  =  4=2    =1  Puncheon. 

30456  =  864  =  432=  108=12  =  6-=3    =2  =  1    Butt. 

Ale. 

Cubick  Inches. 

35^:  =:=        1   Pint. 

70|-  _      2  =       1  Quart. 

282  —       8  =      4  =^     1  Gallon. 

2256  =     64  =     32  =     8=1   Firkin. 

4512  =  128  =     64  =  16  =  2  =   1   Kilderkin. 

9024  =  256  =  128  =  32  =  4  =  2  J    Barrel. 

J3536  =  384  =  192  =  48  =  6  =  3  1^=   1  Hogshead. 

14.  Dry 

*  Milk  is  fold  by  the  Beer  quart. 

A  barrel  of  Mackarel,  and  other  barrelled  fifli,  by  an  a<5t  of  this  Commonwealth, 
is  to  contain  not  lefs  than  .fo  gallons. 

In  England,  a  barrel  of  Salmon  or  Eels  is  42  gallons,  and  a  barrel  of  Herrings  32 
gallons.  The  gallon,  appointed  to  be  ufed  for  meafuring  all  kinds  of  Liquors,  io 
Ireland,  is  tWo  hundred  and  feventeen  cubick  inches,  and  fix  tenth's. 
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16.   Dry    Measure.* 


Pints 

Quarts 

Pottles 

Gallons 

Pecks 

Bushels, 

Strikes     - 

Cooms 

Quarters 

4^  Quarters 

5  Quarters 

2  Weys 

Cubick  Inches. 

.5371  -= 
21501  = 

43004:  = 

860l|  = 
17203;^  = 
86016 


make     1  Quart,  marked  pts.  qts. 
-      Pottle,  pot- 

Gallon,  gal. 

-  Peck,  pk» 
Bushel,  bu. 
Strike,                          str. 

-  Coom,  CO. 
Quarter,  qr. 
Chaldron,                    ch. 

-     -    Chaldron  in  London. 
Wey,  wey. 

Last,  last. 


1  Gallon. 
2=      1  Peck. 
8  =      4=1  Bushel. 
16=^      8=    2=    1  Strike. 
32=    12=    4=    2=    1  Coom. 
64=    32=8=4=2=     1   Quarter. 
320  =  160  =  40  =  20  =  10  =    5=  1  Wey. 
1 72032   =  610  =  320  =  80  =  40  =  20  =  10=  2  =  1    Last. 


COMPOUND    ADDITION 

IS  the  adding  of  several  numbers  together,  having  different  de- 
nominations as  Pounds,  Shillings,  Pence,  &c.  Tons,  Hundreds, 
Quarters,  &c. 

RuLE.f 

1.  Place  the  numbers  so  that  those  of  the  same  denomination-  may 
stand  dire^Tily  under  each  other. 

2.  Add  the  first  column  or  denomination  together  as  in  whole  num- 
bers ;  then  divide  the  sum  by  as  many  of  the  same  denomination  as 
make  one  of  the  next  greater,  setting  down  the  remainder  under  tlie 
column  added,  and  carry  the  quotient  to  the  next  superiour  denomi- 
nation, continuing  the  same  to  the  last,  which  add  as  in  simple  addi- 
tion. Examples. 

*  Tliis  meafiire  is  applied  to  all  dry  goods,  as  Corn,  Seed,  Fruit,  Roots,  Salt, 
Sand,  Oyftcrs  and  Coals. 

A  Winchcfter  bufliel,  is  18  J  inches  diameter,  and  8  inches  deep. 
^  f  The  rcafon  of  this  rule  is  evident  from  what  has  been  faid  in  Simple  Addi- 
tion :  For,  in  addition  of  money,  as  1,  in  the  pence  is  equal  to  4  in  the  farthings  ; 
1,  in  the  fliillinj^s,  to  12  in  the  pence  ;  ;md  l,in  the  pounds,  to  'JO  in  tlio  lliilliogs; 
therclore,  carrying  as  directed,  is  the  arr-\nging  the  money,  arifinp  from  each  c«I- 
*nnn,  properly,  in  the  I'cale  of  denominations ;  and  this,  rcafonitis:  will  hold]pod  tJi 
Uic  addiitiou  of  coropuond  auiubers,  of  any  denomiuiition  whatever. 


40  C0MP0UN6  ADDITION. 


Examples. 

1. 

Federal  Money. 

I 

. 

2. 

3. 

E.  D. 

d. 

c. 

m. 

D.  c.  m. 

D.  c. 

in. 

7  3 

8 

9 

5 

49  18  7 

375 

2 

1 

2 

5 

25  32  1 

29  18 

0  0 

0 

5 

93   7  5 

7  12 

5 

3 

6 

2 

5 

13  25 

199  18 

7 

7   1 

4 

0 

8 

97  2 

30  01 

2.  English  Money. 


1. 

2. 

3. 

4. 

;C. 

J. 

d. 

C 

J.  d.    qr. 

C     s,     d.     qr. 

;C.  - 

d. 

qr. 

9 

16 

10 

47 

17  6  2 

847  11   11  3 

915  10 

10 

2 

7 

10 

9 

3 

9  10  3 

491  19   6  1 

64  8 

9 

1 

0 

18 

6- 

75 

13  9  1 

59  6  10  0 

5  16 

11 

3 

5 

11 

11 

4 

11  11   0 

747  16   1  2 

419  2 

10 

2 

6 

0 

8 

0 

16  8  2 

849  12  11   3 

491  19 

11 

3 

5 

9 

10 

17 

6  2  1 

741  17   8  2 

762  17 

6 

I 

3.  Troy  Weight. 


1. 

2. 

8. 

Ih, 

OS.  pxvt. 

g'^' 

lb. 

oz. 

pivt.    gr. 

Ik 

oz. 

fruf.    gr. 

767 

10  17 

22 

649 

11 

19  20 

859 

9 

15  20 

39 

6   9 

17 

32 

9 

6^     5   . 

437 

10 

17  22 

417 

11   16 

18 

841 

10 

11  19 

640 

11 

6   O 

935 

9  17 

19 

473 

9 

17  23 

738 

9 

12  18 

478 

10  17 

22 

764 

11 

8   9 

49 

0 

16  17 

387 

9  16 

15 

165 

6 

10  19 

584 

10 

0   9 

4.     Avoirdupois  Weight. 


1. 

2. 

3. 

4. 

lb. 

oz. 

dr. 

C-rf /.  qrs.  lb. 

T.  Civt.  qrs. 

.lb. 

T. 

Cw/.  y«.  /^. 

02. 

dr 

19 

13 

12 

17  3  19 

59 

13  2 

17 

91 

17  3  25 

13 

15 

21 

9 

6 

18   1   27 

6 

17  1 

21 

19 

9  0  17 

10 

12 

4 

15 

15 

9  2   9 

45 

11  3 

25 

14 

13  2   0 

9 

11 

22 

10 

5 

14  3  16 

57 

16  2 

19 

47 

11  3  19 

14 

0 

18 

13 

12 

12  0   6 

75 

17  3 

17 

69 

0  1   0 

0 

12 

6 

11 

10 

15  2   0 

6 

19  0 

26 

77 

19  3  27 

15 

11 

.5.     Apothecaries'  Weight. 

2.  3. 


3 

B 

^^■• 

f> 

3 

9 

S^' 

lb 

S 

3 

9 

^'■• 

1^   .^ 

3  3  S^' 

9 

1 

17 

10 

7 

2 

19 

12 

11 

6 

1 

15 

5  9 

3  2  13 

3 

2 

19 

6 

3 

0 

12 

4 

9 

1 

0 

12 

4  8 

6  0  19 

6 

1 

17 

7 

6 

1 

17 

91 

10 

7 

2 

16 

9  10 

5  2  12 

4 

0 

6 

9 

5 

2 

12 

4 

8 

1 

2 

19 

6  5 

6.  1   17 

5 

2 

12 

6 

1 

0 

16 

6 

0 

0 

1 

10 

8  9 

4  0   0 

8 

; 

10 

9 

3 

2 

19 

4 

9 

2 

1 

6 

7  1 

0  1  17 

/ 

- 

6,  < 

Cloth 

♦3 


6.     Cloth    MeasXjRe. 


I. 

2. 

3. 

4. 

5 

5V. 

^. 

ri. 

^.^.  yr.  «. 

£.Fl.  qr. 

.  n. 

E.Fr 

•?'•• 

,  «. 

2V.. 

qr. 

Wi 

16 

2 

3 

91   3  2 

75     2 

1 

49 

3 

3 

914 

2 

8 

3 

3 

1 

49  4  3 

7  1 

3 

19 

5 

2 

49 

2 

1 

42 

3 

3 

6  2  3 

84  0 

2 

24 

2 

1 

561 

3 

0 

57 

2 

2 

84  4  1 

76  2 

3 

67 

4 

3 

84 

o 

2 

16 

3 

3 

7  0  0 

48  2 

2 

48 

2 

2 

549 

3 

1 

49 

2 

2 

61   2  1 

9  2 

3 

6 

3 

3 

617 

1 

5 

7.     Long  Measure. 


1.  * 

2. 

3 

4. 

5. 

i^/. 

in.  ba^. 

Yd.  ft.  in. 

Po/.  /if.  »■». 

Mil. 

>r././. 

Z>(fg-.  ml.  fur.  pal.  ft.  in.  b.c 

9 

11   2 

7  2   11 

12  11   10 

9 

7  36 

759  56  6  29  15  10  2 

6 

9  1 

4  1   6 

9  10   9 

7 

3  19 

317  39  1  36  11  Q  \ 

7 

0  2 

6  0  lO 

8  12  11 

4 

1  24 

497  63  7  24  9  8  1 

8 

10  0 

7  2   9 

7  15   6 

6 

5  12 

562  17  0  !1  13  11  a 

9 

6  2 

8  1   10 

4  14   9 

4 

6   9 

64  48  5  17  9  4  2 

7 

10  2 

9  2  11 

5  11   11 

5 

1   10 

764  52  4  19  15  11  1 

8.     Time. 

1.  2.  3.  4. 

W.  d.    h.        m.  s.  Mo.  d.  h.  m.  T.  m.  d.  T.    mo.    iv.    d.    h.    m.    s. 

3  6  22  57  42  5  24  19  43  19  10  19  57  11  3  6  23  29  55 

1  5  19  31  28  4  27  21  35  7  9  27  4  8  1  1  19  45  38 

2  3  17   9  15  9  18  0  l5  4  Si  16  29  9  2  3  17  18  19 

3  0   9  17  58  4  19  23  19  1  11  14  46  10  2  5  11  50  IS 

1  1   16  19  10  8  11  12  13  17  6  9  19  9  2  1  16  18  17 

2  2  20  53  48  9  19  8  29  12  5  20  45  9  3  5  18  17  50 


9.  Motion* 

1  2.  S. 

17*^  55'    48^'                                   25"*  49'    51"  9s    29''  ^5'  5'$i- 

1      37     51                                          4  21      36  10       0      18  31 

28      19     45                                        19  47      18  4      17      13  42 

19     19     37                                      25  25     39  6      19     50  O 


10.     Land  or  Square  Measure. 


1. 

2. 

Pol.  feet. 

in. 

Yd,.ft. 

in. 

56   179 

137 

28  7 

119 

19  248 

119 

9  3 

75 

12   96 

75 

29  6 

120 

18   110 

123 

4  8 

12 

9  269 

24 

9  1 

119 

25  221 

143 

8  3 

43 

Acres,  rood.  pol.  feet.       ik 
756 

29 
416 

37 

61 
191 


3 

37 

245 

12^ 

1 

28 

93 

25 

3 

31 

128 

119 

1 

19 

218 

20 

0 

0 

92 

103 

1 

25 

129 

136 

11.    SojilD 


M  COMPOUND  subtractiok; 


11. 

Solid  Measure. 

I, 

2. 

5. 

Ton,  feet.       in. 

Yds.  feet.       in. 

Cord.    feet. 

in. 

29  36  1229 

75     22  1412 

37  119 

1015 

12  19    64 

9  26   195 

9  110 

159 

1-8   11   917 

3  19  1091 

48  127 

1071 

19   8  1001 

28   15  1110 

8  111 

956 

5   0   523 

49  24   218 

21    9 

27 

17  39  1119 

18  17   1225 

9   28 

1091 

I. 

Tier 

'.  gal.  qts, 

.  ^/x. 

37 

39  3 

1 

9 

17  2 

1 

S4 

28  0 

0 

32 

19  1 

1 

9 

0  3 

1 

13 

40  1 

1 

_. 

12.     Wine  Measure. 


Hhd. 

gal.  qts. 

.pts. 

51 

53  1 

1 

27 

39  3 

0 

9 

18  0 

1 

0 

9  2 

1 

16 

24  1 

1 

5 

0  3 

Q 

3. 

Ton.  bbd. 

gal.  tfls 

37   2 

37   2 

19  1 

59  1 

28   2 

0  0 

19  0 

47  I 

37   1 

17  3 

14  2 

48  2 

15.     Ale    and  Beer     Measure. 


1 

2. 

3. 

A.  B.  f 

gal. 

B.  B.fr.  gal. 

Hhd.  gal  qts. 

49  3 

*7 

29   1   8 

379  53   3 

2Q     2 

>;. 

19  3  5 

19   0  I 

9  0 

4 

16  0  3 

121  37  2 

17  3 

O 

9  1   8 

467  19  I 

27  1 

6 

14  2  0 

561   16  O 

19  3 

7 

17   1   5 

75   0  2 

1. 

Qr^. 

,  bu. 

f- 

qt. 

64 

7 

3 

7 

9 

4 

1 

5 

19 

6 

2 

1 

4 

0 

2 

0 

17 

3 

0 

6 

9 

5 

3 

4 

16.     Dry  Measure. 


2. 

Bus. 

A  y/.  //. 

37 

2  5  1 

19 

3  7  0 

16 

2  0  1 

.^ 

1   6  I 

9 

0  3  0 

19 

3  0  I 

3. 

CL 

bu.   p. 

qi.' 

37 

27  3 

5 

6 

29  1 

7 

15 

30  0 

0 

4 

11   3 

o 

5 

0  1 

0 

2 

0  2 

I 

COMPOUND  SUBTRACTION 

TEACHES  to    find  the  difference.  Inequality,  or  excess,  between 
any  two  sums  of  divers  denominations. 

Rule; 


COMPOUND   SUBTRACTION. 


M 


^  Rule.* 

Place  those  numbers  under  each  other,  which  are  of  the  same 
denomination,  the  less  being  below  the  greater  ;  begih  with  the  least 
denomination,  and,  if  it  exceed  the  figure  over  it,  borrow  as  many 
units  as  make  one  of  the  next  greater  ;  subtrad  it  therefrom  ;  and  to 
tlie  difference  add  the  upper  figure,  remembering,  always,  to  add  one 
to  the  next  superiour  denomination,  for  that  which  you  borrowed. 

Examples. 


1. 

Federal  Money. 

D. 

c.     m. 

E.  D.  c.  m. 

D. 

c.  m. 

From  39 

15     5 

21     8     1     2 

100 

Take  28 

17     2 

10     7     5 

48 

87     5 

D. 

Borrowed    100 
Paid  29 


Remains  to  pay 


D.        c.    m. 
Borrowed  3000 


Paid 
at 

feveral 
times. 

Paid  in  all 


[ 


195 

1115  49 

,  247  37  5 

I   995  12  5 


D. 

Lent    200 
Received  145 


c. 
50 


Remains  to  pay 


Due  to  me 


D.        c.  m. 

Lent  7159     12  8 

Received    f  245  '  37  5 

at  '  3112     15  7 

feveral        j  2000 

times.  l_1092     92  O 


Received  in  all 
Remains  due 


2.     English  Money. 

1.                                                                          2. 

c 

J.       d.       qu.                                   £.          s.       d. 

qr. 

Borrowed  349 

15     6     1                      Lent  791         9     8 

1 

Padd    195 

11      8     1               Received  197        16     4 

2 

Rem.topay    154        3  10    0        Due  to  me 
Proof 


1. 

lb.  oz.  pwt.  dr. 

Bought  749  .5    13  16 
Sold         96  9  19  13 


3.     Troy  Weight. 

2. 

lb.  ozl  pwt.  gr. 

189  8    12   10. 

148  4  16  19 


Rem. 


lb.  oz.  pwt.  pr. 
543  3  9  Hi 
179  1    15   18 


4.   Avoirdupois 


*  The  reafon  of  this  Rule  will  readily  appear,  from  what  was  faid  in  Simple 
SubtratSlion  ;  for  the  borrowinji;  depouds  upon  the  fame  principle,  an<l  is  orfv  di!- 
ftrcnt,  as  the  numbers  to  be  fubtraCtcd  are  o^  diU'crent  Ucnomin»lion?. 


4^4  COMPOUND  SUBTRACTION. 

4.     Avoirdupois  Weight.  • 

I.  2.  ,  3.  4, 

lb.    oz^.  dr.  C.  qr.   lb.  T.  cwt.  qr.  lb.  T  cwt.  qr.  lb.    oz.  dr^ 

Bought?     9  12         8  2  13         5  13  I   12         9  11  3  17     5  12 
Sold       3  12     9         4  1   15  1   12  2  17  3   12  1   19  10     9 


Rem. 


Apothecaries'    WErcHT. 


1. 

2. 

3. 

ft     !     3 

d     gr. 

ft 

^     3 

^ 

gi*. 

ft     !    3 

d 

gr. 

71     9     3 

1      13 

65 

10     6 

2 

10 

84     1     1 

I 

I 

37  .  8     4 

1     16 

31 

8     4 

2 

9 

65     9     3 

1 

17 

6.     Cloth  Measure. 

1.                               2.                                3.  ,4. 

Yd3.qr.    p.                 E.E,     qr.    n.                E.  Fl.    qr.  n.                 E.Fr.     qr.   n. 

35     1     2              467     3     1               765     1  3               549    4.  2 

19     1     3               291      3     2               149     2  1               197    4     3 


7.  Long  Measure. 

1.                      2.  3.                                  4. 

Yds.  ft.  in.             Pol,  ft.   in.  Mil.fur.poL          Deg.  m.  fur.  p.  yds.  ft.  in.bar. 

28  2  10           21  11  9  76  3  11           38  41  3  29  2  1  7  2 

17  2  11             9  13  8  27  3  21           19  35  5  31  3  1  9  1 


8.  Time. 

I.                           2.  3.                            4. 

Md.d.    h.    m.    8.        Mo.  w.  d.   h.  Y.mo.  d.  Y.  mo.  w.  d.    h.     m.    s. 

6  17  13  27  19         9  2  5  15  7  3  13  48  9  2  5  19  27  31 

1  21   16  41  35         4  3  5  15  4  2  19  19  9  3  4  20  19  49 


9.     Motion. 
79°    2r   31"  6s   11"   12'  48"  4s   19»  41'  22" 

41      41    52  3      8     39    29     '  1     22     19    45 


iO.  Land  or  Square  Measure. 

1.  2.                                     3. 

A.    R.     PoL  A     R.    Pol                A.    R     Pol.      ft.          in. 

29  1  10  29  2  17      56  3  19   27  110 

24  1  25  17  1  36      29  0  21  210  129 


I.  SCJI,!!? 


PROBLEMS. 

i 

11.  Solid 

Measuee. 

1. 

2. 

3. 

-Tons.  ft. 

in. 

Yds.   ft. 

in. 

Cords. 

ft. 

in. 

49  19 

1100 

79  11 

917 

349 

97 

1250 

S8  36 

1296 

17  25 

1095 

192 

127 

1349 

12.  Wine 

Measure. 

'"  "•"" 

1. 

2. 

3. 

4. 

^hd.  gal.  qt. 

pt. 

Tier.  gal.  qt. 

Hhd.  gal. 

qt. 

Tun. 

hhd.  gat 

79  21  2 

1 

19  17  1 

375  41 

2 

532 

1  19 

38  61  3 

1 

12  29  2 

197  36 

3 

197 

1  47 

13.  Ale  and  Beer  Measure. 

1.  2.  3. 

A.B,    fir.    gal.  qt.  B.  B.    fir.  gal.  qts.  pts.  Hhds.   gal.   qts. 

89      1      2      1  21      3     5      2      0  769      17      1 

24     3     6     2  19      1      7     2      I  391      42     3 


14.     Dry  Measure. 

I.                                    2.  3. 

^u.    bu.  pk.  qt.                   Bu.    pk.  qts.  pts.  Chal.    bu.   pk.    qts. 

56     2     2      1                   91      1      3     2  39      12     2      1 

39     3      1      2                  29     2      1      1  24     25      3     2 


PROBLEMS 

RESULTING    FROM    A    COMPARISON    OF    THE    PRECEDING    RULES. 

Prob.   I.     Having  the  sum  of  two  nupibers,  and  one  of  them  giv- 
en, to  find  the  other. 

Rule.  Subtract  the  given  number  from  the  given  sum,  and  the  re- 
mainder will  be  the  number  required. 

Let  288  be  the  sum  of  two  num-     From  288  the  Sum, 
bers  ;  one  of  which  is  115,  the  other     Take   115  the  given  number. 
is  required  ?  Rem.  T73.the  other. 

Prob.  2.     Having  the  greater  of  two  numbers,  and  the  difFerenco 
between  that  ai\d  the  less  given,  to  find  the  less. 

Rule,  Subtract  the  one  from  the  other. 

Let  the  greater  number  be  325,  and     From  325  the  greater, 
the  difference    between  that  and   the     Take   198  the  difference, 
otiier,  198  :  What  is  the  other  >  Rem.  127  the  less. 

Prob.  3.     Having  the  least  of  two  numbers  givert,  and  the  differ, 
ence  between  that  and  a  greater,  to  find  the  greater. 

^u/e.    Add  them  together. 

Given 


4.5  PROBLEMS. 

^.  f    I2t  the  less  number. 

^'""^'^    I  298  the  difference. 

Sum  325  the  greater  number  required. 
Prob.  4.     Having  the  sum  and  difference  of  two  numbers  given* 
to  find  those  numbers  v' 

Rule.  To  half  the  sum  add  half  the  difference,  and  the  sum  is  the 
greater,  and  from  half  the  sum  take  half  the  difference,  and  the  re- 
mainder is  the  less.  Or,  from  the  sum  take  the  difference,  and  half 
the  remainder  is  the  least  :  to  the  least  add  the  given  difference,  and 
the  sum  is  the  greatest. 

What  are  those  two  numbers,  whose  sum  is  48,  and  difference  !4  ? 
2)48         2)24  24+7=31  tliegreater,  and  24— 7=  17  th§  less. 
^  sum=24  idiff.=7  Or  48--T4~2-l7,  &  17+14=31. 

Prob  5.  Having  the  sum  of  two  numbers  and  tlie  difference  of 
their  squares*  given,  to  find  those  numbers. 

Rule.  Divide  the  difference  of  their  squares  by  the  sum  of  the  num- 
bers, and  the  quotient  will  be  their  difference  :  you  will  then  have 
their  sum  and  difference  to  find  the  numbers  by  Prob.  4. 

What  two  numbers  are  those,  whose  sum  is  32,  and  the  difference 
of  whose  squares  is  256  ?  Half  sum   16 

Half  diff.  _4 

52)256(8  difference.  Greater      20 

256  Less  12 

Prob.  6.  Having  the  difference  of  two  numbers  and  the  difference 
of  their  squared  given,  to  find  those  numbers. 

Rule.  Divide  the  difference  of  their  squares  by  the  difference  of  the 
numbers,  and  the  quotient  will  be  their  sum  ;  then  proceed  by 
Prob.  4. 

What  are  those  two  numbers,  whose  difference  is  20,  and  the  differ- 
ence of  whose  squares  is  2000  ? 
20)2000(100  sum.  50+10=60,  the  greater,  &  50—10=40,  the  less. 

For  more  Questions  of  this  nature,  see  Miscell.  Ques.  Problems  46, 
47,  48  and  49  ;  but,  as  the  extradion  of  the  square  root  is  there  con- 
cerned, they  could  not  be  admitted  here. 

Prob.  7.  Having  the  produd  of  two  numbers,  and  one  of  them 
given,  to  find  the  other. 

Rule.  Divide  the  produft  by  the  given  number,  and  the  quotient 
will  be  the  number  required. 

Let  the  produ<5t  of  two  numbers  be  288  8)288 

and  one  of  them  8  ;  I  demand  the  other  I  Answer y         'My 

Prob.  8.     Having  the  dividend  a^d  quotient,  to  find   the  divisor. 

Rule.  Divide  the  dividend  by  the  quotient. 

Cor.  Hence  we  get  another  method  of  proving  Division. 
^.          r 288  the  Dividend.       j     -                    36)288(8  Divisor. 
Oiven    I   36  the  Quotient.                                     288 
Required  the  Divisor.  |  

PRD»i 

*  The  fquare  of  a  number  Is  the  produ(5l  of  It,  multiplied  into  hkis^ 


Given    -J 


PROBLEMS.  4T 

Prob.  9.  Having  the  Divisor  and  Quotient  given,  to  find  the 
Dividend. 

Rule.  Multiply  them  together. 

8  the  Divisor.  36 

36  the  Quotient.  8 

Required  the  Dividend.  288  the  Dividend. 

By  a  due  consideration  and  application  of  these  Pi;oblems  only,  ma- 
ny questions  (of  which  kind  are  some  of  the  following)  may  be  resolved 
in  a  short  and  elegant  manner,  although  some  of  them  are  generally 
supposed  to  belong  to  higher  rules. 

Application  of  the  preceding  Rules* 

1.  The  least  of  two  numbers  is  19418,  and  the  difference  between 
them  is  2384  :  What  is  the  greater,  and  sum  of  both  ? 

19418+2384=21802  greaterj  and    19418+21802=41220  sum. 

2.  Suppose  a  man  born  in  the  year  1743;  when  will  he  be  77 
years  of  age  ?  1743  +  77  =  1820  Ans'wer, 

3.  What  number  is  tliat,  which,  being  added  to  19418,  will  make 
21802?  21802—19418  =  2384   -Im, 

4.  Gen.  Washington  was  bom  in  1732  ;  what  was  his  age  in  1799  ? 

1799—1732  =  67  A-ns, 

5.  America  was  discovered  by  ColUmbus  in  1492  and  its  indepen- 
dence declared  in  1776.:  How  many  years  elapsed  between  those  two 
eras?  .  1 776-- 1492=  284  y^«j. 

6.  The  Massacre  at  Boston,  by  the  British  troops,  happened  March 
5th,  1 770,  and  the  Battle  at  Lexington,  April  1 9th,  i  775  :  How 
long  between  ? 

April  1 9th,  1775— March  5th,  1770=  5  y.  1  m.  14  d.  Ans, 

7.  Gen.  Burgoyne  and  his  army  were  captured  Oftober  17th,  1777, 
and  Earl  Cornwallis  and  his  army,  Odtober  19th,  1781  :  What  space 
of  time  between  ? 

Odt.  19th,  1781--Oa.  17th,  1777=  4  years  and  2  days,  Ans, 

8.  The  war  between  America  and  England  commenced  April  19th, 
177 '5,  and  a  general  peace  took  place  January  20th,  17S3  :  How 
long  did  the  war  continue  ? 

January  20th,  1783— April  19th,  1775=7y.,  9m.  Id.  Am, 

9.  A,  B,  C  and  D  purchased  a  quantity  of  goods  in  partnership  ; 
A  paid  ;f  .12  \0s.  a  dollar*  and  a  crownf  piece ;  B,  35j-.  C,  29s.  \0c\ 
and  D,  79^/.  :  What  did  the  goods  cost?  Am.  £.16  14  ].. 

10.  A  man  borrowed,  at  different  times,  these  several  sums,  x'l?. 
£.29  5s.  £  18  17^.  Qd.  £  45  \2s.  ^.98,  3  dollars,  one  crown  piece  and 
an  half:  Pray  how  much  was  he  in  debt  ?  Am.  /,'.193  2  6. 

11.  There  are  four  numbers  ;  the  first  317,  the  second  912,  the 
third  1229,  and  the  fourth  as  mucli  as  ilie  other  three,  abating  97  ; 
What  is  the  sum  of  them  all  ?  Am.  48 1 9. 

12.  Bought  a  quantity  of  goods  for  j^".  125  IOj.  paid  for  truckage 
45j.  for  freight  79x.  6^.  for  duties  35j.  10^/.  and  my  expenses  were 
5'ds,  9J..:  What  did  the  goods  stand  me  in  ?  Am.  I'.VAG  4  1. 

13.  A 
*  Ha  t  *M.  9Z 
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13.  A  Gentleman  left  his  son  ^.1725  more  than  his  daughter, 
t\'hos8  fortune  was  15  thousand,  1,5  hundred  and  15  pounds  :  What 
v/as  the  son's  portion  and  what  did  the  whole  estate  amount  to  ? 

jins.  The  son's  fortune, /.M821<0,  and  the   whole  ^state  ;^. 34755. 

14.  A  merchant  had  6  debtors,  \^o  together  owed  him  ^'.2917  10,f. 
Gd.  A,  B,  C,  D  and  E,  owed  him  ^.1675  13x.  9d.  of  it  :  What  was 
F's  debt  ?  Jns.   1241  16  9. 

15.  What  is  the  difference  between ;^.  1 309  Is.  Id.  and  the  amount 
of  i:.M5  I3s.  id.  and  ^.571  4j.  Sd.  ?  u^ns.  ^.392  9  1. 

.  16.  A  merchant,  at  his  first  engaging  in  trade,  owed  ^f  .937  15^.  he 
had  in  cash  ;^.  1 755  3j-.  6d.  in  goods/*.  459  12j-.  3d.  in  good  debts 
/'.197  16x  and  he  cleared  the  first  year  ;^'.24<9  19  10  :  What  was  the 
neat  balance  at  the  year's  end  ?  ^ns.  ^.1724  16  7. 

17  What  sum  of  money  must  be  divided  between  12  men,  so  as 
that  each  may  receive  £.155^  £.1 55X12=1 860  Jti.^. 

1 8.  What  number  must  I  multiply  by  9,  that  the  produfl  may 
be  675?  •675-7-9=75  Jns. 

19.  A  privateer  of  175  men  took  a  prize,  which  amounted  to  ;^.59 
per  man,  beside  the  owner's  half :  What  was  the  value  of  the  prizte  ? 

1 75  X  59  X  2=£.  20650  Am. 

20  What  is  the  difference  between  thrice  five  and  thirty,  and  thrice 
thirty  five  ? 

35X3—5X3  +  30=60  Jns. 

21  The  sum  of  two  numbers  is  750  ;  the  less  248  ;  What  is  their 
difference,  produdt,  and  the  square  of  tkeir  difference  ? 

750—248=502  the  greater  number,  502—248=254  difference, 
,502X248=124496  produa,  and  254x254=64516  square  of  the 
difference. 

22.  What  is  the  difference  between  six  dozen  dozen,  and  half  a 
dozen  dozen  ;  and  what  is  their  produft,  and  the  quotient  of  the 
greater  by  the  less  ?  /fns.  6X12X1 2—6  X  1 2=792  difference, 
6X12X12X6X12=62208  produc%  and  6X12X12-7-6X12=12 
quotient. 

23.  There  are  two  numbers  ;  the  greater  of  them  is  25  times 
78,  and  their  difference  is  9  times  15  ;  their  sum  and  product  are 
required..  

y^/2j.  78 x.^5= 1950  the  greater,  1950—15x9=1815  the  less. 
1950+1815=3765  the  sum,  and  1950x  1815=3539250   the  prod. 

24.  A  merchant  began  trade  with  £.25327  ;  for  six  years  togeth- 
er, he  cleared  ^.1253  'per  annum  ;  the  next  5  years,  he  cleared 
/*.  1729  per  annum  ;  but,  the  last  4  years,  had  the  misK,^rtune  to  lose 
2".  30 19  per  annum  :  What  was  he  worth  at  the  15  years*  end  ? 

Jns.  /;.29414. 

25.  If  a  man  spends  ;r.  192  in  a  year  :  What  is  that  per  calendar 
month  ?  192-M2=;f.l6  ^ns. 

26.  If  the  Federal  Debt,  which  is  42  million  dollars,  be  equally- 
divided  between  the  13  States  :  What  will  be  the  share  of  each  ? 

Jns.   32307G9r-3  dollars. 

27    If  9000  men  march  in  a  column  of  750  deep  :    How  many 

march  aWeast  ?  9000-r- 750=  1 2  Jns, 

28.  What 
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28.  What  number,  deduced  from  the  32d  part  of  3072,  will  leave 
the  9^th  part  of  the  same  ?  3072-^  32— 32=r.64   hs- 

29.  What  number  is  that,  which,  multiplied  by  3589.  will  produce 
92050672?  92050672-^-3589^2564.8  A?:?. 

30.  Suppose  the  quotient  arising  from  the  division  of  two  numbers 
to  be^5379,  the  divisor  37625  ;  What  is  the  dividend,  if  the  remainder 
came  out  9357  ?  37625  x  5379+9357=202394.232  Jns. 

31.  There  is  a  certain  number,  which  being  divided  by  7,  the  quo- 
tient resuking  multiplied  by  3,  that  produ<5l  divided  by  5,  from  the 
quotient  20  being  subtracted,  and  30  added  to  the  remainder,  the  half 
sum  shall  make  35  :  Can  you  tell  me  the  number  ? 

35  X  2— 30 + 20  X  5  X  7-^  3  =^  700  Jns. 

32.  A  sheepfold  was  robbed  three  nights  successively  ;  the  first 
night,  half  the  sheep  were  stolen,  and  half  a  sheep  more  ;  the  second 
half  the  remainder  were  l^st,  and  half  a  sheep  more  ;  the  last  night 
they  took  half  what  were  left  and  half  a  sheep  more  ;  by  which  time 
they  were  reduced  to  30  :  How  many  were  there  at  first  ? 

Begin  with  30,  and,  reckoning  back,  from  the  last  night  to  the  first, 
you  will  find  that  31  were  stolen  the  3d  night,  62  the  2d,  and  124' 
the  first.  ^iis.   247. 

33  Two  boys,  A  and  B,  had  850  chesnuts  between  them  ;  but  A 
had  150  more  than  B  :   How  many  had  each  ? 

850-T-2.==4<25half  sum,  and  150-7-2=75   half  diff.  ;  then    425+75 
=500A*s,  and  425— 75=350  B's. 

34.  A  and  and  B  played  at  marbles,  having  14  apiece  at  the  first;, 
but  after  playing  several  games,  B,  having  lost  some  of  his,  would 
play  no  longer,  and  it  was  found  that  the  difference  of  tlie  squares  of 
the  numbers,  which  each  then  had,  was  336:  -Pray,  how  many  did 
B  lose  ? 

14+14=28  sum,  336-7-28=12  difF.  28-7-2=14  half  sum,  and 
12-^2=6  half  diff.;  then  14+6=20  A  retired  witli,  and  14—6=8  B 
had  "left,  therefore  B  lost  14—8  —  6. 

35.  Said  Harry  to  Charles,  my  father  gave  me  1 2  more  apples 
than  he  gave  my  brother  Jack,  and  the  difference  of  the  squares  of  our 
separate  parcels  was  288  :  Now,  if  you  are  arithmetician  enough  to 
tell  how  many  he  gave  us,  each,  you  shall  have  half  of  mine. 

288-7-12=24  the  whole  :  24-r-2=i2  and  12-7-2=6  ;  then  12^6 
=  18= Harry's  share,  and  12 — 6=6=Jack's  share. 

36.  What  number  added  to  the  27th  part  of  6615,  will  make  570  ? 

570—6615-7-27=325  ^m. 


REDUCTION 


TEACHES  to  bring,  or  exchange,  numbers  of  one  denomination 
to  others  of  different  denominations,  retaining  tlie  same  value. 

It  is  of /wo  sorts,  viz.   Descending  and  Ascending  ;  the  former  o£ 
which  is  performed  by  multiplication,  and  the  latter  by  division. 
'  G  REDUCTION 


50  REDUCTION. 

REDUCTION  DESCENDING. 

Rule.* 

Multiply  the  highest  denomination,  given,  by  so  many  of  the  next 
less  as  make  one  of  that  greater,  and  thus  continue  until  you  have 
brought  it  down  as  low  as  your  question  requires. 

Proof.  Change  the  order  of  the  question,  and  divide  your  last 
produdt  by  the  last  multiplier,  and  so  on. 

Note  From  this  rule  and  Case  VI.  of  Simple  Multiplication,  it  ap- 
pears, that  Federal  Money  is  reduced  from  higher  to  lower  denomina- 
tions by  annexing  as  many  cyphers  as  there  are  places  from  the  denom- 
ination given,  to  that  required  ;  or,  if  the  given  sum  be  of  different 
denominations,  by  annexing  the  several  figures  of  all  the  denomina- 
tions in  their  order,  and  continuing  with  cyphers,  (if  necessary,)  to  the 
denomination  required  ;  or,  what  amounts  to  the  same  thing,  by  read- 
ing the  whole  number  from  the  left  to  the  required  denomination,  as- 
one  numbe^  in  the  required  denomination. 

Examples. 

1.  In  3  eagles  2  dollars,  how  many  mills  ?  Ans.  S2000  m. 

2.  In  91  dollars  75  cents^  how  many   cents  ?     Ans   9175  c, 

3.  In  50  eagles,  how  many  dollars  ?  Ans.  500  D. 

4.  In  44/  dollars,  1  cent,  4  mills,  how  many  mills  ? 
.5.  In  9  dollars,  31  cents,  7  mills,  how  many  mills  ? 

6.  How  many  cents  in  39  dollars  5  cents  ? 

7.  In  28  dollars  17  cents,  5  mills,  how  many  mills  ? 

8.  In;^.27  15x.  9J.  2qrs.  how  many  farthings  ? 

^.     J.     d.     qr. 
27      It     9      2 
fnulttpUed  by  20=^shdlings  in  a  pound, 

555=shillings. 
by    12=pencc  in  a  shilling, 

6669=/>f«c<?. 
by        ^==farthings  in  a  penny, 

^        Ans.      =  26678  farthings. 
Note,  In  multiplying  by  20, 1  added  in  the  15s.  by  12,  the  9d.  and 
by  4,  the  2qrs  which  must  always  be  done  in  like  cases. 

To  prove  the  above  question,  change  the  order  of  it,  and  it  will 
stand  thus  :  In  26678  farthings  how  many  pounds  \ 

4)26678 

12)6669  2qrs. 

2j0)55|5  9d. 

Answer,   /.S?  15  9  2. 

9.  In 

*  The  reason  of  this  Rule  is  exceedingly  obvious  ;  for  pounds  are  brought  into 
Hiillings  by  multiplying  them  by  20  ;  fliillings  into  pence  by  multiplying  them  by 
12  ;  and  pence  into  farthings  by  multiplying  them  by  4  ;  and  the  contrary  by  di- 
vifion ;  and  this  will  be  true  in  the  reduCliou  of  numbers  conllfling  of  any  denom- 
ination vrbatever. 
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9.  ln£.S6  12s.   lOd.   Iqr.  how. many  farthings  ?  Ans.  35177. 

10.   In  ;^'.  95  lis.  5d  3qrs.  how  many  farthings  ?  Ans.  91751. 

11    In  2*- 71 9  9s.  1  Id.  how  many  half  pence  >  Ans. ^45358. 

12.  In  29  guineas,  at  28s.  how  many  pence  ?  Ans.  9744. 

13.  In  37  pistoles,  at  22s.  how  many  shillings,  pence,  and  farthings  I 

Ans.  814s  9768d.89072qrs. 

14.  In  49  half  Johannes,  at  48s.  how  many  sixpences  ?       Ans.  4704. 

15.  In  473  French  crowns,  at  6s.  8d.  how  many  threepences  ? 

Ans.   126hS|. 

16.  In  53  moidores,  at  36s.  how  many  shillings,  pence  and  farthings  ? 

Ans.   1908s.  22896d.  91584qrs- 

17.  In  ;^.  29  how  many  groats,   threepences,   pence,   and  farthings  ? 

Ans    1740  groats,  2320  threepences,  6960d.  'J7840qrs. 

18.  Reduce  47  guineas  and  one  fourth  of  a  guinea  into  shillings,  six- 
pences, groats,  threepences,  twopences,  pence  and  farthings. 

Ans,  1323  shillings.  2046  sixpences,  3969  groats,  5292  threepences, 
7938  twopences,  15876  pence,  and  63504  qrs. 


REDUCTION  ASCENDING. 
Rule. 

Divide  the  lowest  denomination  given,  by  so  many  of  that  name, 
as  make  one  of  the  next  higher,  and  thus  continue  till  you  have  brought 
it  into  that  denomination  which  your  question  requires 

Note.  From  this  rule  and  the  note  under  Case  II  of  Simple  Divi- 
sion, it  appears,  that  Federal  Money  is  reduced  from  lower  to  higher 
denominations  by  cutting  off  as  many  places  as  the  given  denomina- 
tion  stands  to  the  right  of  that  required  ;  tlie  figures  cut  off  belonging 
to  their  respective  denominations. 

Examples. 

1.  How  many  eagles  in  32000  mills  ?  Ans.  3  E.  2D. 

2.  In  9175  cents,  how  many  dollars  ?  Ans.  91  D.  75  c. 

3.  In  500  dollars  how  many  Eagles  ?  Ans.  50. 

4.  In  4414  mills,  how  many  dimes  ? 
.5.  In  9317  mills,  how  many  dollars  ^ 

6.  How  many  dollars  In  28175  mills  ? 

7.  In  547325  farthings,   how  many  pence,   shillings,   and  pounds  ? 

Farthings  in  a  penny  =  4)547325 

Pence  in  a  shilling  =  12)  136831     1  qr. 

Shillings  in  a   pound  =  2|0)I140|2     7d. 

2^570  2s.  7d.  1  qr. 
Ans.  136831d.  11402s.  and  /;.570 
Note.  The  remainder  is  always  of  the  same  name  as  tlic  dividend. 
?j.  Bring  35177  farthings  into  pounds. 

a  Brio.c: 
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9.  Bring  OlT.'Jl  farthings  into  pence,  &c. 

10.  Bring  345358  halfpence  into  pence,  shillings,  and  pounds. 

11  Reduce  9744-  pence  to  guineas,  at  2Ss.  per  guinea. 

12  In  J9072,farthings,  how  many  pistoles,  at  22s.  ? 
13.  In  4704  sixpences,  how  many  half  Johannes  ? 

14    In  12613|  threepences^  how  many  French  crowns,  at  6s.  8d.  ? 
15.   In  91584  farthings,  how  many  moidores,  at  36s   ? 

16    In  27840  farthings,  how  many  pence,  threepences,  groats,  shiU 
lings  and  pounds  ? 

17.   In  63504  farthings,  how  many    pence,  twopences,  threepences, 
groats,  sixpences,  shiUings  and  guineas  ? 

Note.  The  preceding  questions  may  serve  as  proofs  to  those  in   Re- 
dudion  descending. 


REDUCTION  DESCENDING  AND  ASCENDING. 

1.  Money. 

1.  In  ;f  .97  how  many  pence  and  English  or  French  crowns,  at 
^s.  Sd.  ?  Ans   23280d.  and  291  crowns. 

2.  In  947  English  x;rowTis,  at  6s.  8d.  how  many  shillings  and  Eng- 
lish guineas  ?  Ans.  6313s.  4d.  and  225  guineas  13s.  4d. 

3.  In  519  English   half  crowns,  how    many  pence    and  pounds? 

Ans.  2<i760d.  and /;.86  10s. 

4.  In  1259  groats,  how  many  farthings,  pencei  shillings,  and  guin- 
eas ?  Ans.  20144qrs.  5036d.  419s.  Sd.  and  14guin.  27s.  8d. 

5.  In  75  pistoles,  how  many  pounds  ?  Ans.  /'.82  10s. 

6.  In  735  French  crowns,  how  many  shillings  and  French  guineas, 
at  26s.  8d.  ?  Ans.  4900s.  and  183  guin.  24s. 

7.  In  5793  pence,   how    many   farthings,    pounds  and  pistoles  ? 

Ans.  23I72qrs./'.24  2s.  9d.  and  21  pistoles,  20s   9d. 

8.  In  /*.99,  how  many   shillings,    and   half  Johannes,  at  48s.  ? 

Ans.   1980s,  and  41  half  joes.  12s. 

9.  In  ;f  .179,  how  many  guineas  ?  Ans.   127  guin   24s. 

10.  In/. 345  how  many  moidores  >  Ans.  191  moid.  24s. 

11.  In  59  half  joes,  37  moidores,  45  guineas,  63  pistoles,  24  English 
crowns,  and  19  dollars  ;  how  many  pounds,  half  joes,  moidores,  guin- 
eas, pistoles,  English  crowns,  dollars,  shillings,  pence  and  farthings  ? 

Ans.  /'•354  4s.  147  half  joes,  28s  196  moidores,  28s  253  guineas, 
S22  pistoles,  1062  English  crowns,  4s.  1 180  dollars,  4s  7Q84  shillingSj, 
85008d.  and  340032qrs. 

When  it  is  required  to  know  how  many  sorts  of  coin,  of  different 
values,  and  of  equal  number,  are  contained  in  any  number  of  another 
kind  ;  reduce  the  several  sorts  of  coin  into  the  lowest  denomination 
mentioned,  and  add  them  together  for  a  divisor  ;  then  reduce  the 
money  given,  into  the  same  denomination,  for  a  dividend,  and  the 
quotient,  arising  from  the  division,  will  be  the  number  required. 

Noie.  Observe  the  same  direction  in  weights  and  measures. 

4.  In 
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3.  In  275  half  Johannes,   how  many  moldores,  guineas,  pistoles, 
dollars,  shillings  and  sixpences,  of  each  the  like  number  ? 
A  moldore  is  d6s.      )  „,-,    .  275  half  joes, 

that  is  J  ^"      ^         *  4^' shil.  ina  johan. 

A    jruinea  is   28s.      7  .  *  ,.  ^  2200 

thatls  1 .06  ditto.  ^^ 

A  pistole  is  223.      1  ^^  ,.^^^  lo20U  shillings, 

that  is  J  •  2  sixp.  in  a  shill. 

A   dollar   is   6s.        1  lo^l'f      dividend=:264'00  sixpences, 
that  is  ^10. 

One    shining  has  2  do.   187)26400(1 41  of  each,  and  33  sixp.  or 

1  do.  1 6s.  6d.  over,  the  answer. 

Di visor  =:  187  sixpences. 
2.  A  Gentleman  distributed/.  .37  10s.  between  4  poor  persons,  in 
the  following  manner,  viz.  that  as  often  as  the  first  had   2()s.    the  sec- 
ond should  have  15s.  the  third,  10s.  and    the  fourth   5s.     What  did 
each  person  receive  ?  Ans.  The  first  man  j^.  15 

second;^.  11  15s.  third ;^.  7  10s.  fourth  £.  3  15s. 


2.  Troy  Weight. 

1.  How  many  grs.  in  a  silver  bowl,  that  weighs  3lb.   lOo?.  1'.2 
pwt.?  ft,     oz      pwt. 

3     10         12 
12  ounces  in  a  pound. 

46  ounces. 

20  pennyweights  in  an  ounce. 

932  pennyweights. 
24  grainjs  in  one  pwt. 

3728 
1864 

Proof.  24)22368  grains,  answer. 

210)9312 
12)    16— .12  pwt. 
lb.3— lOoz. 

2.  In  487ozs.  how  many  pwts.  and  grs.  ? 

Ans.  9740pwt.  and  233760gr. 

3.  In  13  ingots  of  gold,  each  weighing  9oz.   5pwt.  how  many 
grains  ?  Ans.  57720gr. 

4    In  97397grs.  how  many  pounds  ?  Ans.  16lb.  lOoz.  18pvvt.  5gr. 

4.  How  many  rings,  each  weighing  5pwt.  7gr.  may  be  made  of 
gib.  5oi;.  16pwt.  2gr.  of  gold  ?  Ans.  15S, 

3.  Avoirdupois 
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Cwt. 
I.  In     91 

4 


3.  Avoirdupois  Weight, 
qrs.     Its     oz. 
3     17     14  how  many  ounces  ? 


367  quarters. 
28 

2943 
735 

10293  pounds. 
16 

61762 
10294 


Proof. 
16)164702 

28'jl0293  14oz. 
4)367  nlba^ 
Cwt.  91  Sqrs. 


164702  ounces. 

2.  In  12  tons,  15cwt.  Iqr.  19lb.  6oz.  12dr.  how  many  drams  ? 

Ans.   7323500  dr. 

3.  In  24  lb   11  oz.  9  dr.  how  many  drams  ?  Ans.  6329  dr. 

4.  In  44800  pounds,  how  many  drams  and  tons  ? 

Ans    1 1468800dr.  and  20  tons. 

5.  In  28lb.  Avoirdupois,  how  many  pounds  Troy  ? 

28 
7000  grains  in  lib.  Avoirdupois. 

grs.  inl 


r6|0)19600l0(34lb. 

lb. 

oz.     pwt,     gr. 

1728                 6. 

In  47 

9        13       17  Troy,  how 

many  pounds   Avoirdupois  ? 

2320 

47        9    13     17 

2304 

12 

160 

573 

12 

20 

S76|0)192[o(0  oz. 

1T47I 

20 

24 

576l0)3840l0)6pwt. 

45899 

3456 

22947 

3840 

7|000)275l369(39lb. 

24 

21 

1536 

65 

768 

63 

S76|0)9216i0(l6gr. 

2369 

576 

16 

3456 

14214 

3456 

2369 
S7904      carried  over. 
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Brought  forward, 


71000)371904(5  O.Z. 
35 


2904 
16 

17424 
2904 


71000)461464(641  J4 
42 


4464 
4.    Apothecaries'  Weight. 
I.  How  many  grains  are  there  in  37  lb.  6 g  ? 

lb.     I  '  Proof. 

37     6  2lo)21600|0 

12 


450  ounces. 
8 

8600  drams. 
3 

10800  scruples, 
20 


3)10800 

8)3600 

12)450 
37  lb. 

6| 

Ans    216000  grains. 

2.  In  9  lb.  8g  1 3  29  19  gr.  how  many  grains  ?    Ans.  55799  gr. 

3.  In  55799  grains,  how  many  pounds,  &c.  ? 

Ans.  9lb.  85  15  23  19  gr. 
6.  Cloth  Measure. 
In  127  yards,  how  many  quarters  and  nails  ? 
4  Proof. 

4)2032 

Ans.  508  qrs.  ^  

4  41508 


Ans.  2032  nails.  127  yards. 

2.  In  9173  nails,  how  many  yards  ?  Ans.  573  yds.  Iqr.  In. 

3.  In  75  ells  English,  how  many  quarters  and  nails  ? 

Ans    375qrs.  1500n. 

4.  In  56  ells  Flemish,  how  many  quarters  and  nails  ? 

Ans.  168qrs.  672n. 

5.  In  39  ells  French,  how  many  quarters  and  nails  ? 

r^  Ans  234qrs.  936n. 

6.  In  7248  nails,  how  many  yards,  ells  Flemish,  ells  English,  apd 
cUs  French  ? 

Ans.  453yds.  604  ells  Flem.  362  ells  Eng.  2qrs.  302  ells  French. 

7.  In  19  pieces  of  cloth,   each  15   yfirds",  2    quarters,  how  many 
yards,  qu^irters  and  nails  >    Ans,  29ij(^i,  2qrs,  1 178  qrs.  and  47 12n* 

6.  LoN« 


5G 
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6.     Long  Measure. 
t.  HovC  many  barley  corns  will  reach  from  Newburyport   to  Bos- 
ton, it  being  43  miles  ? 
43  miles. 


8 

344,  furlongs. 
40 

3)8173440  proof. 
12;  2724480 

3)227040 

11)75680 

6880 
2 

Here  I  divide  by  11,  and 
multiply  the  quotient  by  2, 
because  twice  5g-  is    11  ;  or 
I  might  first  have  multiplied 
by  2.   and,  then,  have  divi- 
ded the  produft  by  1 1 . 

13760  rods. 

68800 
6880 

75680  yards. 
S 

410)137610 

227040  feet. 
12 

8)344 
43 

2724480  inches. 
3 

8173440  Answeh 

2  How  many  barley  corns  will  reach  roiind  the  globe,  it  being 
360  degrees?  Ans.  4755801600 

3.  How  many  inches  frow  Newburyport  to  London,  it  being  .^700 
miles?  Ans.  171072000. 

4.  How  often  will  a  wheel,  of  16  feet  and  6  inches  circumference, 
turn  round  in  the  distance  from  Newburyport  to  Cambridge,  it  being 
42  miles  ?  Ans.  13440  times. 

5.  In  190080  inches,  how  many  yards  and  leagues  ? 

Ans.  5280  yds.  and  1  league. 
7      Time. 
J.  In  20  years  how  many  seconds  ? 


d.    h. 

Proof 

365      6  in  a  year. 

6|0)63115200|0 

24 

610)105192010 

1466 

730 

210)17532|0 

8766  hours  in  1  year. 

4x6)8766 

20 

4)1461 

175320  hours  In  20  years. 

60  * 

365  d.  6h. 

105l!)200  minutes  In  ditto. 

60 

631152000  seconds  in  ditt9» 


2,  Suppose 
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2.  Suppose  your  age  to  be  15y.  19cl.  llh.  37ni.  45s.  how  many 
seconds  are  there  in  it,  allowing  365  days  and  6  hours  to  the  year  ? 

Jns.  475047465. 

3.  In  3153C)00()  seconds  how  many  years  ?  Ans.  }  year. 

4.  How  many  minutes  from  the  first  day  of  January  to  the  14th 
day  of  August,  inclusively  ?  Ans   325440. 

5.  How  many  days  since  the  commencement  of  the  christian  iEra  ? 

6.  How  many  minutes  since  the  commencement  of  the  American 
war,  which  happened  on  the  19th  day  of  April,  1775  ? 

7.  How  many  seconds  between  the  commencement  of  the  war, 
April  19th,  1775,  and  the  independence  of  the  United  States  of  A - 
merica,  which  took  place  the  4th  day  of  July,  1776*  ?  Ans.  38188800. 

8-      Motion. 
I.  In  9  signs,  13°  25',  how  many  seconds  ?        * 

9s     13°     25'  6|0)10203010  Proof. 

30  . 

610)170015 

283  degrees.  

60  3|0)28|3— -25 

17005  minutes.  9s  13"  25' 

60  

1020300  seconds. 

9.     Land  or  Square  Measure. 
1.  In  29  acres,  3  roods,  19  poles,  how  many  roods  and  perches  ? 
Acres.  Rl  Poles. 
29     3        19 
4 


Proof. 

410)47719 

4)119— 

I9p. 

29ac. 

3  roods. 

119  roods. 
40 
Answer  4779  perches. 

2.  In  1997  poles  how  many  acres  ?  Ans.  12a.  Ir.  37p. 

3.  In  89763  square  yards  how  many  acres,  &c.  ? 

Ans.  1 8a.  2r.  7p.  lOIft.  36in. 

4.  How  many  square  feet,  square  yards,  and  square  poles,  in  a 
square  mile  ?  Ans.  27878400  feet,  3097600  yards,  and  102400  poles. 

10.     Solid  Measure. 
1 .  In  1 5  tons  of  hewn  timber  how  many  solid  inches  ? 
15  tons.  Proof. 

50  5|0 

— ■  1728)1296000(7510 

750  feet.  12096     

1728  15  tons. 

8640 

6000  ^  8640 

1500 
5250  ^ 

750 


Ans.  1296000  inches.  2.  In 

*  1776  vras  akan  rear. 
H  " 
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2.  In  9  tons  of  round  timber  how  many  inches  ?        Ans.  62208Qi 

3.  In  25  cords  of  wood  how  many  inches  ?  Ans.  5529600. 

11.  Wine    Mj-asure. 
1.  In  9hhds    15galls.  3qts«  of  wine  how  many  quarts  ? 

hhds.  gal    qis.  Proof. 

'9       15       3  4;2331 

63  

63)582— 3qts. 

32  

55  9hhds.— I5gals. 


582  gallons. 
4 

Ans.  2331    quarts. 

2.  In  12  pipes  of  wine  how  many  pints  ?  Ans.  12096. 

3.  In  9758  pints  of  brandy  how  many  pipes  ? 

Ans.  9p.  Ihhd.  22gal.  3qts. 

4.  In  1008  quarts  of  cyder  how  many  tons  ?  Ans.  1  ton. 

12.  Ale  or   Bekr  Meagure. 
f.  In  29hhds.  of  beer  how  many  pints  ?  • 

hhds.  Proof. 

29  2)12528                   \ 

54  

4)6264 

116  

145  54(1566 


1566  gallons.  29  hhds. 

4 


6264  quarts. 
2 

Ans.   12528  pints. 

2.  In  47bar.  18gal.  of  ale  how  many  pfnts?  Ans.  13&80. 

3.  In  36  puncheons  of  beer  how  many  butts  ?  Ans.  24. 
I                                        13.   Dry   Measure. 

1.  In  42  chaldrons  of  coals  how  many  pecks  ? 

Chaldrons.  Proof. 

42  4)5376 

32  32)1344(42 

128 

84  

126  '  64 


64 


1344  bushels. 
4 

Ans.  5376  pecks. 


?,  In 
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2.  In  75  bushels  of  corn  how  many  pints  ?  Ans.  4800. 

3.  In  9376  quarts  how  many  bushels  ?  Ans.  293* 


VULGAR  FRACTIONS. 

FRACTIONS,  or  broken  numbers,  are  expressions  for  any  assigna- 
ble parts  of  an  unit,  or  whole  number  ;  and  are  represented  by  two  num-; 
bers  placed  one  above  another,  with  a  line  drawn  between  them, 
thus  :  I",  4»  &c-  signifying  Hve  eighths,  four  thirds,  that  is,  one  and 
one  third,  &c. 

The  figure  above  the  line  is  called  the  numerator^  and  that  below  it, 
the  denominator f 

The  denominator  (which  is  the  divisor  in  division)  shews  how  many- 
parts  the  integer  is  divided  into  ;  and  the  numerator  (which  is  the 
remainder  after  division)  shews  how  many  of  those  parts  are  meant 
by  the  fradion. 

Fractions  afe  either  proper,  improper,  single,  compound,  or  mixed. 
Any  whole  number  may  be  made  an  improper  fraction  by  di awing  a 
Kne  under  it,  and  putting  unity,  or  1  for  a  denominator,  as  9  may  be 
expressed  fractionwise,  thus  ^,  and  12  thus  'j?,  he. 

1.  A  single  or  simple  fradlion  is  a  fradtion  expressed  in  a  simple  form  ; 

2.  A  compound  fraction  Is  a  fradion  expressed  in  a  compound  form, 
being  a  fraction  of  a  fradtion  ;  or  two  or  more  fradions  connc6ied  to- 
gether ;  as  \  of  ^,  \  of  7^j-  of  ^|  which,  are  read  thus,  one  half  of 
three  fourths,  two  sevenths  of  five  elevenths  of  nineteen  twentieths, 
&c. 

3.  A  proper  fraftion  is  a  fratflion,  whose  numerator  is  less  than  its 
denominator  ;  as  |,  -^,  &c. 

4.  An  improper  fra<5lion  is  a  fraftion,  whose  numerator  exceeds  Its 
denominator  ;  as  5,  ^,  &c. 

5.  A  mixed  number  is  composed  of  a  whole  number  and  a  fradlon, 
as  73-,  35yV  &c.  that  is,  seven  and  three  fifths,  Sec. 

6.  A  fradion  is  said  to  be  in  its  least,  or  lowest  terms,  when  it  is 
expressed  by  the  least  numbers  possible. 

7.  ^^\\Q  common  measure  of  tv:o,  or  more  numbers,  is  that  number 
which  will  divide  each  of  them  without  a  remainder  :  Thus,  5  is  the 
common  measure  of  10,  20  and  30  ;  and  the  ^realest  number,  wliich 
will  do  this,  is  called  the  greatest  common  measure. 

8.  A  number,  wliich  can  be  measured  by  two,  or  more,  nu)nbois, 
is  called  their  common  multiple  :  And,  if  it  be  the  least  number,  which 
can  be  so  measured,  it  is  called  ihe  least  common  multiple  ;  thus,  40,  t)0, 
80,  100,  are  multiples  of  4  and  5  ;  but  their  least  common  multiple  is 
20. 

9.  A  prime  nmnbtr\&  that,  which  can  only  be  measured  by  itself  01 
'in  unit. 

10.  That      i 
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1 0.  That  number,  which  is  produced  by  multiplying  several  num- 
bers together,  is  called  a  composite  number. 

1 1.  A  perfect  number  is  equal  to  the  sum  of  all  its  aliquot  parts.* 

Problem  If. 
Tojind  the  greatest  common  measure  of  two  ^  or  more,  numbers 

Rule. 

1.  If  there  be  two  numbers  only,  divide  the  greater  by  the  less, 
and  this  divisor  by  the  remainder,  and  so  on,  always  dividing  the  last 
divisor  by  the  last  remainder,  till  nothing  remain,  then  will  the  last 
divisor  be  the  greatest  common  measure  required. 

2.  When  there  are  more* than  two  numbers,  find  the  greatest  com- 
mon measure  of  two  of  them,  as  before  ;  then,  oi that  common  mea- 
sure and  one  of  the  other  numbers,  and  so  on,  through  all  the  num- 
bers, to  the  last ;  then  will  the  greatest  common  measure,  last  found, 
be  the  answer. 

3.  If  1  happens  to  be  the  common  measure,  the  given  numbers 
are  prime  to  each  other,  and  found  to  be  incommensurable,  or  in 
their  lowest  terms. 

Examples. 
1.  What  is  the   greatest  common  measure  of  1836,  3996,  and 
1044? 

1836)39^6(2  So  108  Is  the  .greatest  common  measure 

3672  of  3996  and  1836. 

Hence  108)1044(9 

324)1836(5  972 

1620  

T2) 108(1 

216)324(1  72 

216  — 

Last  greatest  com.  meas.=36) 72(2 

Common  meas.=:l08)2 1 6(2  72 

216  — 

Therefore,  36  is  the  answer  required. 

2.  What 
*  The  following  perfect  numbers  are  all  which  are,  at  prefent,  known. 
6  8589869056" 

28  1S74386913'28 

496  2305843008139952128 

8128  2417851639228158837784576 

33550336  9903520314282971830448816128 

•j-  This  and  the  following  problem  will  be  found  very  ufeful  in  the  dodtrine  o/ 
fradlions,  and  feveral  other  parts  of  Arithmetick. 

The  truth  of  the  rule  may  be  fliewn  from  the  firfl  example  :  For,  fince  108 

meafures  216,  it  alfo  meafures  216+108,  or  324.  

Again,  fmce  108  meafures  216  and  324,  it  alfo  meafures  5x324+216,  or  1836. 
In  the  fame  manner  it  will  be  found  to  meafure  2x  lBSG+324,  or  3996,  and  fo  on. 
It  is  alfo  the  greateft  common  meafure  ;  for  fuppofe  there  be  a  greater,  then, 
fince  the  greater  meafures  1836  and  3996,  it  alfo  meafures  the  remainder  324  ;  and 
fince  it  meafures  324  and  1836,  it  alfo  meafures  the  remainder  216  ;  in  the  fame 
manner  it  will  be  found  to  meafure  the  remainder  108  ;  that  is,  the  greater  meaf- 
ures the  lefs,  which  is  abfurd ;  therefore,  108  is  the  greatefl  com.mon  meafure. 

In  the  fame  manner,  the  demonftration  may  be  applied  to  one  or  more  addi- 
tional numbers. 
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2.  What  is  the  greatest  common  measure  of  1224  and  1080  ? 

Ans  72. 

3.  What  Is  the  greatest  common  measure  of  1440,  672  and  3472  ? 

Ans.  16. 


Problem  II.* 
To  find  the  least  common  multiple  oftwoy  or  more  numbers. 

Rule. 

1.  Divide  by  any  number  that  will  divide  two,  or  more,  of  the  giv- 
en numbers  v^ithout  a  remainder,  and  set  the  quotients,  together  with 
the  undivided  numbers,  in  a  hne  beneath. 

2  Divide  die  second  line,  as  before,  and  so  on,  till  there  are  no 
V^o  numbers  that  can  be  divided  ;  then,  the  continued  product  of 
the  divisors  and  quotients  will  give  the  multiple  required. 

Examples. 

1.  Wliat  is  the  least  common  multiple  of  6,  10,  16  and  20  ? 

I  survey  my  given  numbers,  and  find 
*5)Q  10  16  20  that  five  will  divide  two  of  them,  viz. 
10  and  20,  which  I  divide  by  5,  bring- 
ing Into  a  line  with  the  quotients  the 
numbers  which  5  will  not  measure: 
Again,  I  view  the  numbers  in  the  sec- 
ond line,  and  find  2  will  measure  them 
all,  and  get  3,  1,  8,  2  in  the  third  line, 
and  find  that  two  will  measure  8  and 
2,  and  In  the  fourth  line  ger3,  1,4,  1, 
*****  all  prime ;  I  then  multiply  the  prime 

5X2X2X3X  4=240  Ans.      numbers  and    the  divisors  continually 

into  each  other,  for  the  number  sought, 
and  find  it  to  be  240. 

2.  What  Is  the  least  common  multiple  of  6  and  8  ?  Ans.  24. 

3.  What  is  the  least  number  that  3,  5,  8  and  1 0  will  measure  ? 

Ans.  120 

4.  What  Is  the  least  number  which  can  be  divided  by  the  9  digits, 
separately  without  a  remainder  ?  Ans.  2520. 

REDUCTION  OF  VULGAR  FRACTIONS,      ' 

f     Is  the  bringing  of  them  out  of  one  form  Into  another,  in  order  to 
prepare  them  for  the  operations  of  Addition,  Subtraction,  &c. 

CASE 
*  The  reafon  of  this  rule  may  alfo  be  fliewn  from  the  firft  example :  Thus,  it  is 
evident  that  6XlOXl6X-^0  (=19^00)  may  be  divided  by  6,  10,  16  and  20,  with- 
out a  remainder  ;  but  20  is  a  multiple  of  5  ;  therefore.  (JX  lOX  IGX'*.  or  JJ840,  iv 
alfo^  divifible  by  6,  10,  16  and  20.  Alfo,  16  is  a  muUiple  of  A  -.  ihcroloie 
6X  10X4X4=960,  is  alfo  divifible  bv  6,  10,  16  and  20.  Alfo,  10  is  a  multiple  of 
2  ;  therefore,  6X5x4x4=4«0,  is  alfo  divifible  by  6,  10,  16  and  20.  Alfo,  6  is  a 
multiple  of  2  ;  therefore,  3X'>X4x4=2'10,  is  alfo  divifible  by  6,  10,  16  ;md  20  ; 
»nd  is  evidently  the  leafl;  miaber  that  can  be  fo  divided. 


*2)6 

2      16       4 

*2)3 

*3 

18       2 
1     *4       1 
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CASE     I.* 

To  ahhreviate,  or  reduce  fraclions  to  their  lowest  terms. 
Rule 
Divide  the  terms  of  the  given  fradion  by  any  number,  which  wiH 
divide  them  without  a  remainder,  and  the  quotients,  again,  in  the 
same  manner  ;  and  so  on,  till  it  appears  that  there  is  no  number 
greater  than  J,  which  will  divide  them,  and  the  fraAion  will  be  in  its 
lowest  terms.     Or, 

Divide  both  the  terms  of  the  fradion  by  their  greatest  common 
measure,  and  the  quotients  will  be  the  terms  of  the  fradion  required. 

Example*. 

1.  Reduce  ||^  to  its  lowest  terms. 

(*)   (3) 
S[J|^=^&=tV=-}  the  answer. 

Or  thus  : 
288)480(1        ,  Therefore  96  is  the  greatest  common 

288  measure. 

and  96  [140^  the  same  as  before. 

192)288(1 
192 

Com.  meas.  96)192(2 
192 

2.  Reduce  ^V  to  its  lowest  terms*  A*.  ^. 

3.  Reduce  yWj  ^^  ^^s  lowest  termsw  Ans  -|-. 

4.  Reduce  ^y^  to  its  lowest  terms.  Ans.  ^. 

5.  Reduce  ^Y,^  to  its  lowest  terms.  Ans.  ^. 

CASE 

•  That  dividing;  both  the  terms,  that  is,  both  numery.tor  and  denominator  of  the 
fratflion,  equally  by  any  niunber  whatever,  will  give  another  fraction,  equal  to  the 
former,  is  evident :  And  if  tb.ofe  di»ifions  be  performed  as  often  as  can  be  done, 
or  the  common  divifor  be  the  greatcft  poilible,  the  terms  of  the  refulting  fra<!lion 
wuft  be  the  leaft  polhble. 

Note  1.     Any  number,  ending  with  an  even  number  or  cypher,  is  divifible  by  2. 

2.  Any  number,  ending  with  5  or  0,  is  divifible  by  5. 

S.  If  the  li^-xht  hand  place  of  any  number  be  0,  the  whole  is  divifible  by  10. 

4.  Tf  the  two  right  hand  figure*  of  any  number  be  divifible  by  4,  the  whole  is 
•dIvifiWe  by  4. 

5.  If  the  three  right  hand  figures  of  any  number  be  divifible  by  8,  the  whole  is 
iivifible  by  8.  * 

C.  If  the  fum  of  the  digits,  conftitutlng  any  number,  be  divifible  by  3  or  9,  the 
whole  is  divifible  by  3  or  9. 

7.  If  a  number  cannot  be  divided  "by  fome  number  lefs  than  the  fquare  root 
thereof,  that  number  is  a  prime. 

8.  All  prime  numbers,  except  2  and  5,  have  1,  3,  7,  or  9  in  the  place  of  units  : 
smd  all  other  numbers  are  compojjite.  . 

9.  When  numbers,  with  the  figu  of  Add  r ion  or  Subtraction  between  them,  are 
to  be  divided  by  any  numbers,  each  of  the  numbers  muft  be  divided :  I'husj 
6+9  +  12=24-34-4=9. 

3 

10.  Eut  if  the  numbers  have  the  fign  of  Multiplicaticn  between  them;  then  oniv 
•Ke  of  them  must  b^divided:  TUu,,    4X6XlO^^XO<iQ^£X6X2^24^^^^  ' 

>iX5  1X5  1X1  ^ 


6.  Reduce  ^^rl  'o  its  iowest  terms.  Ans,  ^. 
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CASE     11. 
To  reduce  a  mixed  mimber  to  its  equivalent  Improper fraSion. 

RULI-.* 

Multiply  the  whole  number  by  the  denominator  of  the  fraclion, 
and  add  the  numerator  of  the  fra^ftion  to  ihe  product  ;  under  which 
subjoin  the  denominator,  and  it  will  form  the  fradion  required. 

Examples. 
1.  Reduce  36|-  to  its  equivalent  improper  fradion. 

36  I  muhiply  36   by  8,  and  adding  the  nu- 

X8+5  merator  5  to  the  produ<fl,  as  I  multiply, 

the    sum  293  is  the  numerator   of  the 

Ans.   293  fradlioii   sought,   and  8  the  denomina- 

— —  tor  :   So  that  '-^^^  is  the  improper  frac- 

8  tion,  equal  to  3 6  J. 

•,.  .;  36x8+5=293  Answer  as  before. 
'Or,        g—    X 
%  Reduce  127  y\  to  its  equivalent  improper  fradirlon.  Ans.  '^^'. 
3.  Reduce  653  A  to  its  equivalent  improper  fraftion. 

Ans.  »'^3^»o. 
CASE     IILf 

To  reduce  a  'whale  number  to  an  equivalent  f ration,  having  a  given  denonu 

nator. 
Rule. 
Multiply  the  whole  number  by  the  given  denominitor  :  Place   the 
produdl  over  the  said  denominator,  and  it  will  -form  the  fraction  re- 
quired. 

Examples. 

1.  Reduce  6  to  a  fra6lion,  whose  denominator  shall  be  8. 

6X8=48,  and  ^  the  Ans.— Proof  ^^  =48^8=6. 

2.  Reduce  15  to  a  fradion,  whose  denominator  shall  be  12. 

Ans.  '-//. 

3.  Reduce  100  to  afradion,  whose  denominator  shall  be  70. 

Ans.   '»«o='0"=IOO. 
CASE     IV.^ 

Jc  reduce  an  improper  fraSion  to  its  equivalent  Kvholef  or  mixed  number. 

Rule. 

Divide  the  numerator  by  the  denominator  :  the  quotient  will  be 
the  whole  number,  and  the  remainder,  if  any,  will  be  the  numerator 
to  the  given  denominator. 

Examples. 

*  All  fraAions  reprefent  a  dlvifion  of  a  numerator  by  the  denominator,  and  are 
taken  altogether  as  proper  and  adequate  expreirions  of  the  quotient.  Thus  the 
quotient  of  3,  divided  by  4,  is  ^  ;  from  whence  the  rule  is  maniieft  ;  for  if  any  num- 
ber is  multiplied  and  divided  by  the  l:xm2  number,  it  ia»evident  the  quotient  mud 
be  the  fame  as  the  quantity  firll  given. 

f  Multiplication  and  Divilion  arc  here  equally  ufed,  and  confequently  the  refult 
it  the  fame  as  the  quantity  lirfl  propofed. 

\  This  cafe  is,  evidently,  the  rcrerfc  of  c»fe  2t1,  and  has  its  rwfon  U  the  natnre 
♦f  conuHOU  ditilion. 
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Examples. 

1.  Reduce  ''^1''  to  its  equivalent  whole,  or  mixed  number. 

8)293(364^  Ans. 
24 

53 
48 

—  Or,  ^|^=293-f-8=36|-as  before. 

5 

2.  Reduce  "^14^  to  its  equivalent  whole,  or  mixed  number. 

Ans.   127yV 

3.  Reduce  ^  ^V  °  to  its  equivalent  whole,  or  mixed  number. 

Ans,   653i^. 

4.  Reduce  V  to  its  equivalent  whole  number.  Ans.  9, 

CASE     v.* 
To  reduce  a  compound fraSl'wn  to  an  equivalent  simple  one, 
\  Rule. 

Multiply  all  the  numerators  continually  together  for  a  new  nume- 
rator, and  all  the  denominators,  for  a  new  denominator,  and  they 
will  form  the  simple  fradion  required. 

If  part  of  lihe  compound  fraftion  be  a  whole  or  mixed  number,  it 
must  be  reduced  to  an  improper  fradion,  by  case  2d,  or  3d. 

If  the  denominator  of  any  member  of  a  compound  fradion  be  equal 
to  the  numerator  of  another  member  thereof,  these  equal  numerators 
and  denominators  may  be  expunged,  and  the  other  members  contin- 
ually multiplied,  as  by  the  rule,  will  produce  the  fradions  required  in 
lower  terms. 

Examples. 

1.  Reduce  f  of  |^  of  ^  of  ^  to  a  a  simple  fradion. 

1X2X3X4     „4      ,     ,        . 

^    ,    ^— z=T*2cJ=3-  t"^  Answer. 
2X3X4X5    '^"^    "^ 

Or,  by  expunging  the  equal  numerators  and  denominators,  it  will 

give  -]-  as  before. 

2.  Reduce  ;|  of  ^  of  -J  of  yI'  to  a  simple  fradion. 
3x4x5x 1 1 

4X5X6X12"'^'^''^"^^  Ans.     Or,  by  expunging  the   equal  numera- 

3  3        II  1^     C 

tors  and  denominators,  it  will  be    ^^^7\o~^^~^^  ^^  betore, 

3.  Reduce  4  of  ^  of  tI  ^^  ^  simple  fradion.  Ans.  |4I- 

4.  Reduce  y^  of  y-}  of  yV  of  20  to  a  simple  fradion. 

^"S.    ^-06— /jy. 

2.   Reduce 

*  That  a  compound  frad:lon  rnay  be  reprefented  by  a  finiple  one  is  very  evi- 
dent ;  fmce  a  part  of  a  part  muft  be  equal  to  fome  part  of  the  whole.  The  truth 
of  the  rule  for  this  reduction  may  be  fliown  as  follows. 

Let  the  compound  fraction   to   be   reduced,  be  ^  of  _^.      Then  J  of   ^  _  ff 
'rr4.zz-^-Q,  and  confequently  if  of  yo--4'G^^-—4'o  the  fame  as  by  the  rul?. 

If  the  compound  fradion  confifis  of  more  numbers  than  two,  the  two  lirft  may 
be  reduced  to  one,  and  that  one  and  the  third  yv'ill  be  the  fame  as  a  fradion  of  twu 
numbers,  and  fo  on, 
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5.  Reduce  J  of  ^  of  ^  of  12^  to  a  simple  fraftion.      Ans,  J|:=l^. 

CASE    VI. 

To  reduce  fraSions  of  different  denominators  to  equivalent  fradionsy  having  a 
common  denominator. 

Rule  I*. 

Multiply  each  numerator  into  all  the  denominators  except  its  own, 
for  a  new  numerator,  and  all  the  denominators  into  each*  other,  con* 
tinuaily,  for  a  common  denominator. 

Examples. 

1.  Reduce  ;^,  f  and  |  to  equivalent  fractions,  having  a  common 
.denominator.  1X5X8=40  the  new  numerator  for  ^. 

2X4X8=  64  the  new  numerator  for  f. 
6x4x5=100  ditto  for  |. 

4X5X8=1 60  the  common  denominator. 

Therefore  the  new  equivalent  fradions  are  ^°^,  ^A  ^^^  t§^S»  ^® 
Answer. 

2.  Reduce  \,  f,  \,  J  and  f  to  fractions  having  a  common  denomina- 

^"^'  -rt-ns.  XTT5>  TTT2»  TTT2»  TTT2J  T^TS* 

3.  Reduce  t,  |  of  f,  7|,  and  ^,  to  a  common  denominator. 

Anc        936        1040      14508       4  32 
n.ns.    YTT2^»  T¥T^'    T¥T2  >  TTTS* 

4.  Reduce  44>  i  of  2\,  yV>  ^^^^  l>  ^^  ^  common  denominator. 

Anc         8448       Q1600       fi'^O         1 g 0 O 
^ns.    xxs-FCFJ  TlT2^»  TTT^XT*  TTT^iy 


Rule  II. 

To  reduce  any  given  fraBlons   to  others,  ivhich  shall  have  the  least  common 

denominator. 

1.  By  Problem  2,  Page  61,  find  the  least  common  multiple  of  all 
the  denominators  of  the  given  fradions,  and  it  will  be  the  common 
denominator  required. 

2.  Divide  the  common  denominator  by  the  denominator  of  each 
fraction,  and  multiply  the  quotient  by  the  numerator,  and  the  pro* 
dudl  will  be  the  numerator  of  the  fraction  required. 

Examples. 

1.  Reduce  f,  ^  and  |  to  fra<a:ions,  having  the  least  common  denom- 
inator possible.  4) 

*  By  placing  the  numbers  multiplied  properly  under  one  another,  it  will  be  feen 
thrit  the  numerator  and  denominator  of  every  fraAion  are  multiplied  hs  the  verv 
fame  number,  and  confequently  their  values  are  not  altered.  Thus,  in  the  lirU 
example. 

_1_|XJX£     £1X4X8      5|X4X5 

4|xT;X8      5|x4'x8      8|X4X5 

In  th'j  fccond  rule,  the  common  denominator  is  a  multiple  of  all  the  denomina^ 
tors,  and  conlequcwily  will  divide  by  any  of  them  :  Tiicrcfore,  proper  pari*  may 
'ht  taken  for  all  the  numerators  as  required. 
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4)3     4     8  4X3X2  =  24=  least   common  de- 

nominator. 

3     12 


24-7-3x1=8  the   6rst  numerator;  24-^-4x3=18  the  second  nnme- 
ritor;  24-7-8X7=21    the  third  numerator. 

Whence,  the  required  fradions  are  -~^,  ^  J,  §1. 
2.   Reduce  •^,  |,  ^,  and  3^  to  fradions  having  the  least  common   de- 

30      40      45    „„J    48 
6  0»   6  0»  ^O^  ^""   Off* 


nominator.  Ans.  -|^,  U,  ^^  and  ^ ' 


CASE    VII. 

To  reduce  afraStion  of  one  denominalton  to  the  fraBion  of  another ,  hut  greater  ^ 
retaining  the  same  value. 

Rule.* 

Reduce  the  given  fraftion  to  a  compound  one  by  comparing  it  with 
all  the  denominations  between  it  and  that  denomination  you  would  re- 
duce it  to  ;  lastly,  reduce  this  compound  fradion  to  a  single  one,  by 
case  5th,  and  you  will  have  a  frafti*  n  of  the  required  denomination, 
equal  in  value  to  the  given  fradion. 

Examples. 

1.  Reduce  t  of  a  cent  to  the  fradlion  of  a  dollar. 

By  comparing  it,  it  becomes  4  of  tV  of^Yo»  which,  reduced  by  case 
5,  will  be  4X1  Xl  =     4 

=  YTT  ^'  Ans. 

and  7X10X10=  700 

2.  Reduce  3-  of  a  mill  to  the  fradlion  of  an  eagle.      Ans.  -o4^o  E. 

3.  Reduce  If  of  a  mill  to  the  fradion  of  a  dollar.      Ans.  ^\^-^  D. 

4.  Reduce  ;^  of  a  penny  to  the  fra<flion  of  a  pound.     Ans.  j^.  -^^■^. 

5.  Reduce  ^  of  a  farthing  to  the  fradlion  of  a  pound.       Ans.  ^  ^^q. 

6.  Reduce  f  of  a  penny  to  the  fra<3:ion  of  a  guinea. 

Ans.  2-/g-g- guinea. 

7.  Reduce  J-|  of  a  shilling  to  the  fradion  of  a  moidore. 

Ans.  3I5-  moidore. 

8.  Reduce  4  of  an  ounce  to  the  fra(a:ion  of  a  lb.  Avoirdupois. 

Ans.  ^'g-  lb. 
-[•9.  Reduce  4  of  a  pound  to  the  fraction  of  a  guinea.       Ans.  \  guin. 

1 0.  Reduce  |  of  a  pwt  to  the  fradion  of  a  pound  Troy. 

11.  Reduce  %  of  a  lb.  Avoirdupois  to  the  fra<^ion  of  1  Cwt. 

Ans.  -s-l^  Cwt. 

12.  Express  5^  furlongs  in  the  fraftion  of  a  mile.         Ans.  W  mile. 

CASE 
*  The  reafon  of  this  and  the  next  rule  is  explained  in  the  rule  reducing  compound 
fradtions  to  fimple  ones. 

\K'  =  ^  9i  V=lf?=V°s.  and  V  of  5V=^=t'&=?  g">»ea. 
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CASE    VIII. 

To  reduce  afraQion  of  one  denomination  to  the  fraBion  of  another,  but  less,  re» 
taming  the  same  value. 

Rule. 

Multiply  the  given  numerator  by  the  parts  In  the  denominations  be- 
tween it  and  that  denomination  you  would  reduce  it  to,  for  a  new  nu- 
merator, which  place  over  the  given  denominator  :  Or,  only  invert 
the  parts  contained  in  the  integer,  and  make  of  them  a  compound 
fi  adion  as  before,  then,  reduce  it  to  a  simple  one. 

Examples. 

I.  Reduce  y' 3-  of  a  dollar  to  the  fra<5tion  of  a  cent. 

By  comparinjT  the  fradion  it  will  be  3^  of  V*   of    x*  »    ^^en 
1      X   10  X  JO        ICO        4         ^ 
Tz^       ~T   v>  "T  =  7^^  =  "77  c.  Answer. 
175  X    1    X    1        17o        7. 

2    Reduce  -^^^-q  of  an  eagle  to  the  fra«5lion  of  a  mill.      Ans.  :f  m. 

3.  Reduce  yt^wo  ^^  ^  dollar  to  the  fradion  of  a  mill.      Ans.  y-^m. 

4.  Reduce  ^j^^  of  a  pound  to  the  fradion  of  a  penny.  Ans  4^. 
.5.  Reduce  xeV^  ^^  ^  pound  to  the  fradion  of  a  farthing.  Ans.  |^qr. 

6.  Reduce  e-g-g-g"  ^^  ^  guinea  to  the  fradion  of  a  penny.      Ans.  -Jd. 

7.  Reduce  ^  of  a  moidore  to  the  fradion  of  a  shilling.    Ans.  ~^s, 

8.  Reduce  ^^  ^^  ^  ^^*  Avoirdupois  to  the  fradion  of  an  ounce. 

Ans.  ^oz. 
*9.  Reduce  ^  of  a  guinea  to  the  fradion  of  a  pound.  Ans.  ^£» 
10.  Reduce  ^^'^^  of  a  lb.  Troy  to  the  fradlon  of  a  pwL  Ans.  ^pwt. 

I I .  Reduce  j^^-  of  Cwt.  to  the  fradion  of  a  lb.  Avoirdupois. 

Ans.  lib. 

CASE     IX. 

To  fad  the  value  of  afra£lion  in  the  knonvn  parts  of  the  integer,  as  of  cmn, 
nueighty  measure,  l^c, 

RuLE.f 

Multiply  tlie  numerator  by  the  parts  of  the  next  inferior  denomina- 
tion, and  divide  the  produd  by  the  denominator  ;  and  if  any  th:rg 
remain,  multiply  it  by  ijie  next  inferior  denomination,  and  diviue  by 
the  denominator  as  before,  and  so  on,  as  far  as  necessary  ;  and  the 
quotients  placed  after  one  anotJjer,  in  their  order,  wiil  be  the  answer 
required  ;  or,  reduce  the  numerator,  as  if  it  were  a  whole  number,  to 
the  lowest  denomination,  and  divide  the  result  by  the  denominaior  ; 
the  quotient  will  be  the  number  of  tlie  lowest  denomination^  (which 
must  bebrpught  into  higher  denominations  as  far  as  it  will  go,)  and 

the 
4X28 

*  ^Guin.=.tof  V= ='l's.  &  N'^of  5'^='-iS=t;f- 

7X   I 

f  As  the  numerator  of  a  fra<5tion  may  be  confidered  as  a  remainder,  aiid  the  de- 
nominator ay  a  divtfor  :  Tliis  rule  therefore  has  its  fealbn  in  the  nature  of  Uivi- 
Uon. 


m 
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the  remainder  will  be  a  numerator  to  be  placed  over  the  given  deno- 
minator for  a  fradion  of  the  lowest  denomination. 

Note.  From  this  rule,  in  connexion  with  what  has  been  said  of  Re 
duciton  of  Federal  Money ^  it  appears,  that,  annexing  to  the  given  nu- 
merator as  many  cyphers,  as  will  fill  all  the  places  to  thcglowest  de- 
nomination, and  dividing  the  number  so  formed  by  the  denominator, 
the  quotient  will  be  the  answer  in  the  several  denominations,  and  the 
remainder  a  numerator  to  be  placed  over  the  given  denominator, 
forming  a  fradion  of  the  lowest  denomination. 


Examples. 
1.  What  Is  the  value  of  4^  of  a  dollar  ? 
By  the  general  rule. 


20 

8)50(     2 
d.  6   JO 

8)20( 


Ans.  6d.  2c.  5m. 
4  or  62c.  5m, 


By  the  note. 
D.     d.     c.     m- 
8)  5      0      0     0 


2     5 


C.2    10 


8)40 
m.  5 


Or  thus. 


5  D.=5000m.    and  *  ^^^  ''tf\.^Qi'lSm.r=^2z.  5m. 
%  What  is  the  value  of  ^  of  a  dollar  ? 

D      d     c.     m. 
64)  J -^     0     0     0 

128 


Ans.  as  before. 


420 
384 

360 
320 


(2d.  6c.  5im. 
or  26c.  5jm.  Ans. 
Or,  17D.=:17000m. 
»';^°°m.=265im.= 


And 


40 


_5 


64. 


26c.  5|m. 


S.  What  is  the  value  of  -^-^  of  an  eagle  ? 


4.  What  Is  the  value  of  y^  of  a  dollar  ? 

5.  What  is  the  value  of  ;^  of  a  pound  ? 
6. 
7. 
8. 
9. 


What  is  the  value  of  ^^  of  a  shilling  ? 


What  is  the  value  of  \~^  of  a  Cwt. 


Ans.  as  before* 


Ans.  ID.  87c.  5m. 

Ans.  43c.  7-2-m, 

Ans.  14s.  3d.  l^qr. 

Ans  4id. 

Ans.  3s.  6d. 

Ans.  13s.  6d. 


What  is  tlie  value  of  ^^  of  a  ^^  ? 

What  is  the  value  of  JJ  of  a  pistole  ? 
.  _     -      _        J 

Ans.  2qrs.  9lb.  lOoz.  7||dr. 
lO,  What  is  the  value  of  |  of  a  lb.  Avoirdupois  ? 

Ans.  12oz.  12|dr. 
11.  Wh^t 
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1 1.  What  is  the  value  of  J-  of  a  lb.  Troy  ?  Ans.  7oz.  4p\n. 

12    What  Is  the  value  of  y\-  of  a  ton  ? 

:\ns.  4cwt.  2qrs.  121b.  ]4oz    12r\dr. 
IvS.  What  is  the  value  of  |-  of  a  yard  ?  Ans.  2qrs.  2-|n. 

14.  '.Vhat  is  the  value  of  ^  of  an  ell  English  ?         Ans.  4qrs.  1-^n. 

15.  What  is  the  value  of -^  of  a  mile  ?  Ans  6fur.  26p.  lift. 

16.  What  is  the  value  of  ^^  of  a  day  >  Ans   16h.  36m.  55y-s, 

17.  The  value  of  y^  of  a  Julian  year  Is  required  ? 

Ans.  257d.  19h.  45m.  52;-fs. 

18.  The  value  of -^P^  of  a  guinea  is  demanded  ?  Ans.  IS&i 
19    What  Is  the  value  of  |^  of  a  dollar  ?                       Ans.  5s.  7^d, 

20.  Wihat  Is  the  value  of  ^^  of  a  moidore  ?  Ans.  21s.  73-d- 

21.  What  is  the  value  of  ^  of  an  acre  ?  Ans.  3r.  17tP» 

CASE  X. 

To  reduce  any  given  quantity  to  the  fraB'ton  of  any  greater  denomination  of  the 

same  kind. 

Rule* 

Reduce  the  given  quantity  to  the  lov^^est  term  mentioned,  for  a  nu- 
merator ;  then  reduce  the  Integral  part  to  the  same  term  for  a  deno- 
minator ;  which  will  be  the  fradlon  required. 

Note.  It  appears  from  this  rule  and  what  has  been  said  before, 
that.  In  Federal  Money ^  where  the  given  quantity  contains  no  fradion 
of  Its  lowest  denomination,  the  annexing  of  as  many  cyphers  to  1  of 
the  required  denomination,  as  will  extend  to  the  lowest  denomination 
in  the  given  quantity,  will  form  a  denominator,  which  placed  under 
the  given  quantity  used  as  one  number  for  a  numerator,  will  make 
the  answer,  which  may  be  reduced  to  Its  lowest  terms.  Or,  If  there 
be  a  fradion  of  the  lowest  denomination,  multiply  the  given  whole 
numbers  by  Its  denominator,  adding  Its  numerator,  for  a  numerator ; 
and  let  the  denominator  Itself  at  the  left  of  as  many  cyphers  as  were 
mentioned  above  be  a  denominator  ;  the  fradllon  so  formed  will  be 
the  answer  ;  which  may  be  reduced  to  Its  lowest  terms. 

Examples. 

1.  Reduce  6d  2c.  5m.  to  the  fradion  of  a  dollar. 
By  the  general  rule. 
6d.  10d.int.pt. 

XI 0+2  10 

62  100  By  the  note, 

XI 0+5  10  D.     d.     c.     m. 

6      2      5 

625  1000  . =5D. 

10       0       0 
And,  rVffWff  D.  Ans.  ^     Ans.  as  before. 

2.  Reduce. 
•  Thia  cafe  is  the  rcverfc  of  the  former,  therefore  proves  it. 
Note.     If  tliere  be  a  iracStion  given  witli  the  f;iicl  qu.mtity,  it  iTiufl  be  farther 
reduced  to  the  deaomiiiative  parts  thereof,  addiug  thereto  tlic  uuiucrator. 
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2.  Reduce  26c.  5|-  m.  to  the  fradion  of  a  dollar. 

By  the  general  rule.  By  the  not«. 

26c.  100c.int.pt. D  d  c.  m. 

XI 0+5  10  265X8+5=2    12   5 


265  1000  AndlD.X8=:8   0   0  0 

X8+5  8 


-6  4-U. 


Ans.  as  before, 

2125  8000 

■And,  ^AU=-^^  Ans. 

3.  Reduce  ID.  87c.  5m,  to  the  fra(aion  of  an  eagle.        Ans.  ^''..E. 

4.  Reduce  43c   T^m,  to  the  fradion  of  a  dollar.  Ans.  -^VD. 

5.  Reduce  14s.  3^d.  4  to  the  fradion  of  a  pound.  Ans.  -J-?5§=|j^. 

6.  Reduce  4gd.  to  the  fradion  of  a  shilling.  Ans.  4s. 

7.  Reduce  3s.  6d.  to  the  fradion  of  a  pcund.  Ans  ^"^1. 

8.  Reduce  I3s.  6d.  to  the  fradion  of  a  pistole.         Ans  |Jpistole. 

9.  Reduce  2qrs.  9lb.  lOoz.  Tf^-  dr.  to  the  fradion  of  a  cwt 

Ans.  ^}cwt. 

10.  Reduce  12oz.  12-Jdr.  to  thefraftion  of  a  lb.  Avoirdupois. 

Ans.  |lb. 

1 1.  Reduce  7oz.  4pwt  to  the  fradion  of  a  lb.  Troy.  Ans.  -|lb. 

12.  Reduce  4cwt.  2qrs.  12lb.  14oz,  12j\dr.  to  the  fradion  of  a  ton. 

Ans.  y^ton. 

13.  Reduce  2qrs.  2§n.  to  the  fradion  of  a  yard.  Ans.  |yd. 

14.  Reduce  4qrs.    l^n.   to  the  fradion  of  an  ell  English. 

Ans.  ^E.  E. 

15.  Reduce  6fur.    26po.    lift,   to   the  fradion  of  a  mile. 

Ans*  |ni. 

16.  Reduce   16h.  33m.  55~^s.  to  the  fradion  of  a  day. 

Ans.  ^  day. 

17.  Reduce  257d.  19h.  45m.  52y|iS.  to  the  fradion  of  a  Julian  year. 

Ans.  f?  J- Y. 

18.  Reduce  18s.  to  the  fradion  of  a  guinea.  Ans.  xgrG. 

19.  Reduce  5s.  l[d.  to  the  fradion  of  a  dollar.  Ans.  ||  dol. 

20.  Reduce  21s.  7yd.  to  the  fradion  of  a  moidore. 

Answer  Jmoldqje. 

21.  Reduce  3r.  17jp.  to  the  fradion  of  an  acre.^  Ans.  4^cre. 

ADDITION  OF  VULGAR  FRACTIONS, 

RULE.^ 

Reduce  compound  fradions  to  single  ones  ;  mixed  numbers  to  im- 
proper fradions  ;  fradions  of  different  integers  to  those  of  the  same  ; 

and 

*  Fradions,  before  they  are  reduced  to  a  common  denominator,  are  entirely  dif- 
limilar,  and  therefore  cannot  be  incorporated  with  one  another  ;  but  when  they 
are  reduced  to  a  corranon  denominator,  and  made  parts  of  the  lame  thing  ;  their 
fum,  or  difference,  may  then  be  as  properly  exprefled  by  the  lum  or  difference  of 
the  numerators,  as  the  fum  or  difference  of  any  two  quantities  whatever,  by  the 
fum  or  difference  of  their  individuals  ;  whence  the  reafon  of  the  rules,  both  for 
Addition  and  Subtradion,  is  maoifen. 
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and  all  of  tliem  to  a  common  denominator  ;  then  the  sum  of  the  nu- 
merators written  over  the  common  denominator  will  be  the  sum  of 
the  fractions  required. 

Examples. 
J.  Add  7t>  t  of  l»  and  7  together. 

■pircr         74_3  9      5    f>f  3_15      ond*7=l 

rirsc.      /x—  T  »  T  or  -g— ^fij  ana  /— y. 
Then  the  fraftions  are  i?,  yf,  and  ^  ; 

39X56X  1=2184? 

15X  5X  1=    7r, 
7X  5X56=1960 


therefore, 


4219  Or  thus, =15" 


2184+75+1960 


280 


—  ^^2'S"? 

5X56X1=280 

2.  Add  4,  9;^,  and  |  of  :',  together. 

3.  What  is  the  sum  of  4,"  J  of  4  of  i,  and  8^^  ?  Ans.  9^^^%. 

4.  What  is  the  sum  of  ^^  of  4^,  |  of  -J,  and  9ir  ?  Ans.  12|^. 

5.  Add  together  4E.  |D.  and  Uc.  Ans.  7D.  53c.  2^-m. 

6.  Add  together  ^D.  fc.  ^-^c-  and  ^m.  Ans.  20c.  9m. 

7.  Add  -^1.  fs.  and  ^-d.  together.  Ans.  2s.  83-V7-d. 

8.  What  is  the  sum  of  f  of  17;^.  9^£.  and  |  of  i  of  4^.  ? 

Ans.  ^.  16  12s.  34d. 

9.  Add  I  of  a  yard,  4-  of  a  foot,  and  |-  of  a  mile  together. 

Ans.  1100yds.  2ft.  7inches. 

10.  Add  -^  of  a  week,  4^  of  a  day,  ^  of  an  hour,  and  ^  of  a  minute 

together.  Ans.  2  days,  2  hours,  30  minutes,  45  seconds. 


SUBTRACTION  OF  VULGAR  FRACTIONS. 

Rule.* 

Prepare  the  fradions  as  in  Addition,  and  the  difference  of  the  nu- 
nierators,  written  above  the  common  denominator,  will  give  th«  dif- 
ference of  the  fradions  required. 

Examples. 

*  In  fubtraAing  mixed  numbers,  when  the  fradtions  have  a  commoft  denomina- 
tor, and  the  numerator  in  the  fubtrahend  is  lefs  than  that  in  the  minuend,  the  dif- 
ference of  the  whole  numbers  will  be  a  whole  number,  and  the  difterence  of  the 
numerators  a  numerator  to  he  placed  over  the  given  denominator  :  this  whole 
number  and  the  fratftion  thus  formf^d  will  be  the  remainder  :  but,  when  the  nu- 
merator in  the  fubtrahend  is  greater  than  that  in  the  minuend,  fubtra*5l  the  nume- 
rator in  tlie  fubtrahend  from  the  common  denominator,  adding  the  numerator  m 
the  minuend,  and  carrying  1  to  the  integer  of  the  fubtraliend. 

Hence.,  A  fraction  is  fabtra.(5lcd  from  a  whole  number,  by  taking  the  numerator 
of  the  fraction  from  its  denominator,  and  placing  the  remainder  over  the  denomi- 
nator, then  taking  one  from  the  whole  mmiber. 

Ex.\MPLES. 

From  12}  12  i  12 

Take     7-?  ?->  -J  .^. 


Rem.    5;  -If  11  A 
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Examples. 
1.   From  i  take  ^- of  I-. 

T  of  8-=T5=A-     Then  the  fraaions  are  |  and  -^V* 

r;s.  4  ^    20  t  4=rr2-  and  -2V=rri»  therefore. 


7    3_  8  4       „„  J      ,5    _  <2  9 

(  4— rr2-  'i"Q  '2ff— tri> 

r     8  4   'i  O   _  0  4  _4    „p, 

I    I  IT 1  12—1  12— T  ^^^ 


4x2S  =  1 12  com.  den  *  '  '^~'  "'-" ^"^  remauider. 

2.  From  4|  take  A.  Ans.  i|^.- 

3.  From  37^  take  19^.  Ans.  17i|. 

4.  From  ISJ  take  |  of  15.  Ans.  2/^. 

5.  From  -^D  take  |c.  Ans.  49c.  l^m. 
G.  Take  S^c.  from  \  of  24^D.  Ans.  43^c. 

7.  From  ^  of -J  of5b.  take  4- of  96c   added  to  ^  of  1|  I ). 

Ans    96c.  9jm. 

8.  From  -^f^.  take  j'^^s.  Ans.  4s.  li-d. 

9.  From  ^oz.  take  |;pwt.  Ans.  13pwt.  12|gr, 
10.  From  4  of  a  league  take  |-  of  a  mile.  Ans.  Imi.  Ifur. 
il.  From  5  weeks  take  19f  days.                    Ans.  15da.  4ho.  48mm. 

MULTIPLICJTION  OF  VULGAR  FRACTIONS. 

'  Rule.* 
Reduce  compound  fracJtions  to  simple  ones,  and  mixed  numbers  ta 
improper  fractions  ;  then  the  produft  of  the  numerators  will  be  the 
numerator,  and  the  produ(5t  of  the  denominators,  the  denominator  of 
the  producl  required. — Note,  where  several  fradtions  are  to  be  multi- 
plied, if  the  numerator  of  one  fraftlon  be  equ^il  to  the  denominator  of 
another,  their  equal  numerators  and  denominators  may  be  omitted. 

Examples. 

1.  Wjjat  is  the  continued  produdl  of  4^,  J-,  ^  of  I-,  and  6. 

1X7 

41=  V>  -4  of  1= =t'2>  and  6=J. 

4X8 
13X1X    7X6 

Then  yxfX/^X^- =^J|=l|i  the  Answer. 

3X.3X.32X1 

2.  Multiply  ^\  bj  ^.  Ans.  ^%. 

3.  Multiply  5\  by  ^-.  Ans    |. 

4.  Multiply  \  of  5  by  \  off.  Ans.  ^. 

5.  Multiply  4  of  i  by  J  of  1  of  1  If  Ans.  ^W 

6.  Multiply  9|,  \:  of  ^,  and  1 2^  continually  together. 

Ans.     24]-f. 

7.  What  is  the  continual  produd:  of  \  of  |,  5^,   7  and  |-  of  |  ? 

Ans.    49V. 

8.  What  is  the  continual  produd  of  7,    i*  y  o^  I?  and    3^  ? 

Ans.  l^i,. 
Another 
*  Multiplication  of  afradtion  implies  the  takingof  fome  part  or  parts  of  the  mul- 
tiplicand, and  therefore  may  truly  be  expreffed  by  a  compound  fra<5lion.  Thus 
!^  multiplied  by  1  is  the  fame  as  ^  of  1 ;  and  as  the  diredtions  of  the  rule  agree 
with  the  method  already  given,  X,Q  reduce  t^efe  fra<a;ibn8  to  fijpple  ones,  it  i§  fliown 
to  be  rightK 
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Another  method  for  the  Multiplication  of  mixed  Quantities. 

Case  1.  To  multiply  a  tuhole  ntmher  hy'SLfradion,  or  2.fra8ion  by  a 
'whole  number. 

Rule.  Multiply  the  whole  number  by  the  numerator  of  the  fraftion 
nnd  divide  the  produ<5l  by  the  denominator  :  But  if  the  numerator  be 
1,  divide  by  the  denominator  only. 

I.  2.  3.  4.  5.  6.  T. 

Mult.  8  15  28  36  48  325  259 

By     i 


1 

2" 

»                        2 
3-                  -3- 

S                        1 

7i 

9i     3)72 

4)144 

8)1625     12)1813 

— • 

Prod.  24 

36 

203i-       iSlx's 

Case  2;  To  multiply  a  w^oZ?  number  by  a  mixed  one. 

Rule.  Multiply  by  the  fraction  as  in  Case  1st;  then  multiply  by 
the  whole  number,  and  add  the  two  produ(5ls,  as  in  the  examples — or, 
to  multiply  a  mixed  -number  by  a  whole  one,  change  the  place  of  thb 
fadors,  atid  proceed  as  the  rule  direfts — See  example  6. 


- 

1. 

2. 

3. 

4^ 

5.               6. 

Mult. 

15 

35 

68 

42 

129             1^1^ 

By 

3i 

7i 

5i 
111 

74i 

748 

9^ 
126 

81-             24. 
64^5  Mult.  24. 

4'5 

52k 

175 
186| 

6V^ 
476 

18 
378 

80|     By  1^ 
1032      15)l(J8 

538/^ 

396 

1112J              llrV 
24 

Prod.  35^V= 

Case  3.  To  multiply  a  mix^ J  number  by  a  mijc<?f/  number. 

Rule.  Multiply  the  integral  part  of  the  multiplicand  by  the  deno- 
minator of  its  fractional  part,  and  add  thereto  its  numerator  :  Then 
multiply  by  the  mixed  multiplier,  by  Case  2d,  and  divide  the  produft 
by  the  denominator  of  the  fradlional  part  of  the  multiplicand,  as  in 
the  following  example. 
Mult.  42 
By      8 


2|r       1st.  42|=213 
3J  twhichmult.  by  8|- 


3)426 
142 

iro4 

5)1846 
Produa  =  369}  J 
K 


After  this  manner  may  feet  and 
inches  be  multiplied,  calling  1    inch 
y^  of  a  foot 
4  inches  ^,  5  inches 

7 


2  inches  ^-,  3  inches  j^, 


6  inches 


inches  ^\,  8  inches 


|,  9  inches  ^, 


foot. 


(}> 


yjr 


DiriSION 
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DIVISION  OF  VULGAR  FRACTIONS. 


Ru 


LE 


* 


Prepare  the  fradions  as  before  :  then,  invert  the  divisor  and  pro- 
ceed exaftly  as  in  Multiplication  :  The  prodtrds  will  be  the  quotient 
required. 

Examples. 

1.  Divide  ^of  17  by  I  of|. 

1  X  17 

\  of  17  =^  of  V  = =  y  and  J  of  J  =i|  =t ;  therefore, 

3X    1 
17X2 

y  -i-  a  = =  V  =  11t  ^^  q^uotient  required. 

3    XI 

2.  Divide  4- by  |.  Ans.  l/-j-. 

3.  Divide  121  by  ^  of  7.  Ans.  5^. 

4.  Divide  5-^  bv  7|.  Ans.  ^\, 

5.  Divide  4  by  9:  Ans.  ^V- 

6.  Divide  ^  of  i  of  I  by  I  of  I:.  •     Ans.  -^. 

7.  Divide  7  by -I-.  Ans.  18|. 

8.  Divide  4204.^  by  ^  of  112.  42f|-^-. 


DECIMAL  FRACTIONS. 

DECIMAL  Fra<5Mons  are  of  such  a  nature,  that  they  vary  In  the' 
same  proportion,  and  are  managed  by  the  same  method  of  operation, 
as  whole  numbers  ai^. 

On  this  account,  every  proper  Fracftion  Is  supposed  to  be  reducible 
to  another,  whose  denominator  shall  be  10,  100,  1000,  &c.  viz. 
Unity,  with  a  nunfiber  of  cyphers  annexed  ;  and  Fra6lions  with  such 
denominators  are  called  Decimal  FraB'wns  :  Such  are  -ijiy  ttt^j  AW* 
&c. 

As  the  denominator  of  a  decimal  fraction  is  always  10,  or  100,  or 
1000,  &c.  the  denonrnnators  need  not  be  expressed  :  For  the  numeral- 
tor  only  may  be  made  to  express  the  true  value:  For  this  purpose  it 
is  only  required  to  write  the  numerator  with  a  point  before  it  at  the 
left  hand,  to  distinguish  it  from  a  whole  number,  when  it  consists  of 
so  many  figures  as  the  denominator  hath  cyphers  annexed  to  unity, 
or  1  :  So  -^  is  written  5  v  yV^  -33 ;  ^VV^  '"i^^y  ^c» 

Note. 

■^*  The  reafon  of  the  rule  may  be  fliewn  thus.  Suppofe  it  were  required  to  divide 

4 
:♦.  by  :J.  Now  ^_i.2  is  manifeftly  ^  of  |.  or  — ;  but  ^  =  ^  of  2 ;  therefore,  .| 

2  X/  .4X7 

of  2,  or  .?-,  muft  be  contained  7  times  as  often  in  ^r  as  2  that  is   =  the  an-- 

''  -  5X2 

fwer,  which  is  according  to  the  rule. 

Note,  To  multiply  a  fradlion  by  an  integer,  divide  the  denominator,  or  multiply 
the  numerator  by  it ;  and  to  divide  by  an  integer,  divide  the  numerator,  or  multi- 
ply the  denominator  by  it. 
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'J 

Note.     The  point  prefixed  is  called  a  Separatrix, 

But  if  the  numerator  has  not  so  many  places  as  the  denominator 
lias  cyphers,  put  so  many  cyphers  .before  it,  viz.  at  the  left  hand,  as 
will  make  up  the  defe<51: ;  so  write  y^j^  thus,  -05  ;  and  -rinyxy  thus 
•006,  &c.  And  thus  do  these  fradions  receive  the  form  of  whole 
numbers, 

Tlie  1st,  2d,  Sd,  4th,  «Scc.  places  of  decimals,  counting  from  the  left 
hand  toward  the  right,  are  called  primes,  seconds,  thirds,  fourths,  &c. 

We  may  consider  unity  as  a  fixed  point,  from  whence  whole  num- 
bers proceed  infinitely  increasing  toward  the  left  hand,  and  decimals 
infinitely  decreasing  toward  the  right  hand  to  0,  as  in  the  following^ 
^^  Table.* 

h    ^      r-      r*      '^      ^     ^ 

~  Ch  "^  --C   ♦-'  cLi    ■ " 


sg   ^11^      Si-Musi's 

9876  5  4321-2  3  4  56789 


From  this  table  it  is  evident  that,  in  decimals,  as  well  as  in  whole 
^lumbers,  each  figure  takes  its  value  by  its  distance  from  unit's  placet: 
If  it  be  in  the  first  place  after  units  (or  the  separating  point)  it  signi- 
fies 

*  It  will  be  very  apparent  to  the  learjier  from  the  nature  of  decimals,  and  what 
has  been  faid  of  iv^m/ilfb/zd^p,  that  this  money  is  purely  decimal ;  and,  the  dollar  be- 
ing the  money  unit,  the  lower  denominationsare  plainly  fo  many  decimal  parts  of  a 
•dollar  ;  thus 9dollarsand Sdimes^reexprefTed 9-8=9 ."_doll. — 1 2  dollars, 4dime8, and 
7  cents  thus,  12'47=12jy^doll. — 20  dollars,  3  dimes,  4  cents  and  5  miU«,  thus 
20-345=20 ,34j5^dpll.— 100  dollars  and  9  mills,  thus  100-009=100,  ^Q^^doll.  and 
50  dollars,  5  cents,  thus  50-05=50 ^.^^.^ doll,  wherefore,  it  is,  in  all  refped.s,  added 
fubtradled,  multiplied  and  divided,  the  fimie  as  decimals  ;  and,  of  all  coins,  it  is  the 
mofl  fimple. 

It  may  alfo  be  obfervcd  that  the  fum  exhibits  the  particular  number  of  each  dif- 
ferent.piece  of  money  contained  in  it,  viic.  455997  miUs=45599j''»^c€nt8=45J9  y 

E.  D.  d.  c.  m. 
dimes=455^9jyjy  dollars=45  j-^^y^/^  eagles:=:4  5  5-997.  4 

Alfo,  the  names  of  the  coins,  Icfs  tlian  a  dollar,  are  figniiicant  of  their  valucs.For 
the  mill,  wl  ich  (lands  in  the  3d  place  at  the  right  hand  of  the  foparatrix  or  place 
of  thoufandths,  is  contracted  from  milL.,  the  Latin  for  thoufind :  Centy  which  occupies 
the  fecond  place,  or  place  of  hundredths,  is  an  abbreviation  oi'  i<>itum,  the  Latin  for 
hunJrcd  :  And  d'nrie^  which  is  in  the  firft  place,  or  place  of  tenths,  is  derived  from, 
drfrfu;  the  French  ior  littihs. 

Siicl\  being  the  nature  of  Federal  Money,  its  operations  can  in  no  other  way  be 
fo  well  undcrflood  as  in  obtaining  a  good  knowledge  of  dccimaU,  .uul  apnlving 
their  feveral  rules  to  the  various  cafe*  of  money  oiattcrs. 
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fies  tenths  ;  if  in  the  second,  hundredths,  &c.  decreasing  in  each  pJace 
in  a  tenfold  proportion. 

Consequently,  every  single  figure  expressing  a  decimal,  has  for  its 
denominator  an  unit  or  1,  with  so  many  cyphers  as  its  place  is  distant 
from  unit's  place  :  Thus  2  in  the  decimal  part  of  the  tablesr^^o  ;  3 
=T^75- ;  4<— TuV^j  &c.  And  if  a  decimal  be  expressed  by  several 
figures,  the  denominator  is  1,  with  so  many  cyphers  as  the  lowest 
figure  is  distant  from  unit's  place.     So  '357  signifies  yVttV'  ^^^^  '0053 

Cyphers,  placed  at  the  right  hand  of  a  decimal  fraflion,  do  not  al- 
ter its  value,  since  every  significant  figure  continues  to  possess  the 
same  place  :  So  -5,  '50,  and  'SOO,  are  all  of  the  same  value,  and  each 
equal  to  ^. 

But  cyphers,  placed  at  the  left  hand  of  a  decimal,  do  alter  its  value, 
every  cypher  depressing  it  to  y^  of  the  value  it  had  before,  by  re- 
moving  every  significant  figure  one  place  further  from  the  place  of 
units.     So  -5,  -05,  -005,  all   express  different  decimals,  viz.  -SjtV  } 

Hence  may  be  observed  the  contrary  effe(Ss  of  cyphers  being  an- 
nexed to  whole  numbers,  and  decimals. 

It  is  likewise  evident  from  the  table,  that  since  the  places  of  deci? 
mals  decrease  in  a  tenfold  proportion  from  units  downwards,  so  they 
consequently  increase  in  a  tenfold  proportion  from  the  right  hand  to- 
ward the  left,  as  the  places  of  whole  numbers  do  :  For,  ten  hundredth 
parts  make  one  tenth,  ten  tenths  make  1  ;  ten  units,  ten  ;  ten  tens, 
one  hundred,  &c.  viz.  =y\y°^=-j?^,  -^^=1,  and  ]Xl()=lC,  which  proves 
that  decimals  are  subjeft  to  the  same  law  of  Notation,  and  consequent- 
ly of  operation,  as  whole  numbers  are. 

Decimal  fractions  of  unequal  denominators  are  reduced  to  one  com- 
mon denominator,  when  there  are  annexed  to  the  right  hand  of  those, 
which  have  fewer  places,  so  many  cyphers,  as  make  them  equal  in 
places  with  that  which  has  the  most.  So  these  decimals,  5,  '06, 
•4'55,  may  be  reduced  to  the  decimals,  '500,  '060,  and  '455,  which 
have,  all,  1000  for  their  denominator. 

Of  Jpecimals,  that  is  the  greatest,  whose  highest  figure  is  greatest, 
whether  they  consist  of  an  equal  or  unequal  number  of  places  :  Thus, 
•5  is  greater  than,  '459,  for  if  it  be  reduced  to  the  same  denominator 
with  -459,  it  will  be  -500. 

A  mixed  number,  viz.  a  whole  number,  with  a  decimal  annexed,  is 
equal  to  an  improper  fraftion,  whose  numerator  is  all  the  figures  of 
the  mixed  number,  taken  as  one  whole  number,  and  the  denominator, 
that  of  the  decimal  part.  So  45*309  is  equal  to  xVi/y,  as  is  evi- 
dent from  the  method  given  to  reduce  a  mixed  number  to  an  impro- 
per fradion : 

Thus,  45x10001-309=  VoVo'  as  above. 

ADDITION 
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ADDITION  OF  DECIMALS. 
Rule. 
] .  Place   the  numbers,  whether  mixed,  or  pure  decimals,  under 
each  other,  according  to  the  value  of  their  places. 

2  Find  their  sum  as  in  whole  numbers,  and  point  ofF  so  many  pla- 
ces for  decimals,  as  are  equal  to  the  greatest  number  of  decimal 
places  in  any  of  the  given  numbers. 

Examples. 
1.  Find  the  sum  of  19-07 3+2-3597+223+-01 97581+3478- 1+1 2-358, 
19073 
2-3597 
223- 

•0197581 
3478-1 
12-358 


3734  9104581  the  sum. 


2.  Required  the  sum  of  429+21 -37+355-003+1 '07+1-7  ? 

Ans.  808-14^. 

3.  Required  the  sum  of  5-3+11-973+49+  9+1-7314+34-3  ? 

Ans.  103.2044. 

4.  Required  the  sum  of  973+19+l'75+93-7164+-9501  ? 

Ans.  1088-4165. 

SUBTRACTION  OF  DECIMALS. 
Rule. 
Place  the  numbers  according  to  their  value  ;    then    subtratSI:  as  in 
whole  numbers,  and  point  off  the  decimals  as  in  Addition. 

Examples. 
i.  Find  the  difference  of  1793-13  and  817-05693  ?. 
From  1793-13 
Take     817-05693 


Remainder    976-07301 

2.  From  171-195  take  125-9176.  Ans.  452774. 

3.  From  219-1384  take  195-91.  Ans.  23  2284. 

4.  From  480  take  245-0075.  Ans.  234-9025. 

MULTIPLICATION  OF  DECIMALS. 

CASE     1. 

Rule. 

1.  Whether  they  be  mixed  numbers,  or  pure  decimals,  place  the 
fiidors  and  multiply  them  as  in  whole  numbers. 

2.  Point  off  so  many  figures  from  the  produt5l  as  there  are  decimal 
places  in  both  thefaftors  ;  and  if  there  be  not  so  manv  places  in  die 
produ(ft,  supply  the  defe^  by  prefixing  cyphers. 

ElAMPrK>5. 
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1.  Multiply 
by 


Examples. 
•02345 
•00163 


7035 
14070 
2345 


"0000382235  the  produa. 


2.  Multiply  25-238  by  12-17.  Ans.  307*14646. 

3.  Multiply -3759^  -945.  Ans.    3552255. 

4.  Multiply -84179  by    0385.  Ans.    032408915. 
To  multiply  by  10,  100,  1000,  Sic.  remove  the    separating  point  so 

many  places  to  the  right  hand,  as  the  multiplier  has  cyphers. 

rio    T  r3-45 

So    -345     Multiplied  by  ^  1 00    J-'makes  ^  34-5 
C  1000  J  L345 

For  -345X10  is  3*450,  &c. 

CASE     II. 

To  contra^  the  operation,  so  as  to  retain  so  many  decimal  places  in  the  ProduR 

as  may  be  thought  necessary. 

Rule 

1.  Write  the  unit's  place  of  the  multiplier  under  that  figure  of  the 

multiplicand,  whose  place  you  would   reserve  in   the    produd  ;    and 

dispose  of  the  rest  of  the  figures  in  a  contrary  order  to  what  they  are 

usually  placed  in. 

2..  In  multiplying,  reject  all  the  figures  which  are  to  the  right  hand 
of  the  multiplying  digit,  and  set  down  the  products,  so  that"  their 
right  Jftmd  figures  may  fall  in  a  straight  line  below  each  other  ;  ob- 
serving to  increase  the  first  figure  of  every  line  with  what  would  arise 
by  carrying  1  from  5  to  15,  2  from  15  to  25,  3  from  25  to  35,  &c. 
from  the  preceding  figures,  when  you  begin  to  multiply,  and  the  sum 
will  be  the  produft  required. 

Examples. 
1.  It  is  required  to  multiply  56-7534916  by  5-376928,  and  to   re- 
tain only  five  places  of  decimals  in  the  produd:. 
Con  traded  way.  ^  Common  way. 

56  7534916  56-7534916 


829673-5 

28376746  ... 
1702605  .  .  . 
397274  .... 

34052  

5108 , 

113 

45 

305-15943 


•376928 


45  40279328 

113 

5069832 

5107 

814244 

34()52|()9496 

39727M412 

1702604  748 

28376745  BO 

305- 159431808  J  804^ 

By 
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By  the  operation  in  the  common  tvdy^  it  is  evident  that  all  the  Bgures 
which  are  cut  ofF  at  the  right  hand,  by  the  perpendicular  line,  are 
wholly  omitted  in  the  conlraBed  nvay,  and  the  last  produft  liere  is  the 
first  there  ;  consequently  the  reason  of  placing  the  multipher  in  a  re- 
verse order,  must  appear  very  plainly.  ^ 

DIVISION  OF  DECIMALS. 

Rule.* 

1.  The  places  of  decimal  parts  in  the  divisor  and  quotient  counted 
together,  must  always  be  equal  to  tliose  in  the  dividend,  therefore 
divide  as  in  whole  numbers,  and,  from  the  right  hand  of  the  quotient, 
pointofF  so  many  places  for- decimals,  as  the  decimal  places  in  the 
dividend  exceed  those  in  the  divisor. 

2.  If  the  places  of  the  quotient  be  not  so  many  as  the  rule  requires, 
supply  the  defe<5l  by  prefixing  cyphers  to  the  left  hand. 

3.  If  at  any  time  there  be  a  remainder,  or  the  decimal  places  in 
the  divisor  be  more  than  those  in  the  dividend,  cyphers  may  be  an- 
nexed to  the  dividend,  or  to  the  remainder,  and  the  quotient  carried 
on  to  any  degree  of  exadlness.  % 

Examples* 
1.  2. 

219)-1 17841^75(-000538087,  &c.  •S719)38-0000(102-178,  &c, 

1095  _  3719 

— —  In  Example   Ift,  the  dtvifor                  « 

834  having  no    decimals,  the    quo-  8100 

657  tient   mufl:  have   fo  many    as  7438 

— — —      -  there  are  in   the  dividend.     In   -  — — 

1771  Example    2,  the  dividend    be-  6620 

1752  ing  an   integer   mufl:    have   at  S719 

■  leaft  fo  many  cyphers  annexed  

1907  as  there  are  decimals  in  the  di-  29010 

1 752  vifor,  and  fo  far  the  quotient  will  2G033 

— —  be  whcie  numbers,  then  annex-  - 

1555  ing  more  cyphers,  the  remain-^  29770 

1533  ing  figures  in  the  quotient  will  29752 

be  decimals,   according,  to  the  

22  Rule.  IS 

3d.    133)57^7(43-1353+  (4th.)     23-7)65321(2756  16+ 

5th.  t72)918-217(12753+  (6th.)  25-17)315-6293(  1253+ 

7th.  •317)29417(92+  (8th)   37-9)'0059374(      156+ 

9th.  •375)-l 73948375(463862+ 

Having  a  multiplier^  tojind  a  divisor    which  shcdl  give  a  quotient  equal  to  the 
produ^  by  that  multiplier. 
Rule. 
Divide  unity  by  the  given  multiplier,  and  the  quotient  will   be  the 
divisor  sought. 

What 
*  The  reafon  of  pointing  ofFfo  many  decimal  places  in  the  quotient,  as  iliofe  in 
the  dividend  exceed  thofe  in  the  divifor,  will  eafily  appear,  for,  iincc  t!»e   number 
of  decimal  places  in  the  dividend  is  equal  to  thoXe  in  the  divifor  and    quotient  tak-* 
en  together,  by  the  nature  of  multiplication  :  It"  therefore  follows   that    the   quo- 
tient contains  fo  many  as  the  dividend  exceeds  the  divifor. 
t  The  foUo^Ying  qucftions  arc  Igft  unpoiutcd  in  the  quotient  to  exercifo  the  learner. 
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What  divisor  is  that,  by  which  dividing  5357,  shall  give  a  quoticiit 
equal  to  the  product:  of  the  same  number  multiplied  by  250  ? 

250)1000;.004  the  Answer.     x\nd  •004)5357'000(  1339250. 

Proof.      5357X250=1339250. 
Having  a  divisor,  tojind  a  muUiplier  ivhich  shall  give  a  produ8  equal  to   the 
quotient  ly  that  divisor. 
RuLfe. 
Divide  unity  by  the  given  divisor,  and  the  quotient  will  be  the  mul- 
tiplier sought. 

What  multipher  is  that,  by  which  multiplying  5357,  shall  give  a 
produd  equal  to  the  quotient  of  the  same  number  divided  by  '004  ? 

•004)I-000'^250  the  Answer  :  Therefore,  5357X250=535T-r- '004 
=  1339250. 

CASE     II. 

To  contraS  Division,  when  there  are  many  decimals   in  the  dividend,  and  the 

divisor  is  large. 

Rule. 

1.  Whatever  place  of  the  dividend  corresponds  with  the  unit's  place 
of  the  divisor,  at  the  first  step  of  the  division,  the  same  place  must  the 
first  figure  of  the  quotient  have. 

2.  In  dividing,  reje<5l  the  last  right  hand  figure  of  the  divisor,  at  ev- 
«?ry  step,  (Instead  of  bringing  down  a  figure,  as  is  common,)  and  make 
ttie  last  remainder  the  dividend  for  the  new  divisor  at  every  step  : 
Thus  continue  the  division  until  the  divisor  shall  be  exhausted. 


99-5678)4-6789837568(-0469931   Quotient. 
3  982712 


99-567)696271 
597402 


99-5<6)  98869 
89604 


99-5)  9265 
8955 

99)   310 
297 


9 


Here,  the  unit's  place  of  the  df- 
■irlsor  in  the  first  step  falls  under  7  in 
the  place  of  hundredths  in  the  div- 
idend, therefore,  I  put  4,  the  first 
quotient  figure,  in  the  place  of  hun- 
dredths, by  prefixing  a  cypher. 

I  have  set  down  every  divisor,  to 
explain  the  work  ;  but  you  need 
only  put  a  dash  over  every  figure 
rejeded,  as  you  proceed,  to  show  it  is 
omitted.* 


13 
'      9 
Remainder      4 
,   When  decimals  or  vvhole  numbers 
kre  tobedlvided by  1 0, 1 00, 1 000,  &c. 
(viz.  unity    with    cyphers)  It  is  per- 
formed by  removing  the    separatrix, 
in  the  dividend,  so  many  places   to- 
ward the  left  hand  as  there   are   cy- 
nhers  in  the  divisor. 


10 

100 

1000 

10000 


Examples. 


765-4 
76-54 
76-55 
•7654 
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REDUCTION  OF  DECIMALS, 

CASE     I. 

To  reduce  a  Vulgar  Fradion  to  its  equivalent  Decimal. 
Rule.* 
Divide  the  numerator  by  the  denominator,  as  in  division  of  deci- 
mals, and  the  quotient  u'ill  be  the  decimal  required  : — Or,  so  many- 
cyphers  as  you  annex  to  the  given  numerator,  so  many  places  must 
be  pointed  off  in  the  quotient,  and  if  there  be  not  so  many  places  of 
figures  in  the  quotient,  the  deficiency  must  be  supplied  by  prefixing 
so  many  cyphers  before  the  quotient  figures. 

Examples. 

1.  Reduce  |  to  a  decimal.  8)1*000 

•125  Ans. 

2.  Reduce  |,  |  and  |  to  decimals.         Answers,  -375,  -625,  '666+. 
8.  Reduce  ^,  4,  |,  |,  f ,  J  and  |  to  decimals. 

Answers,  '25,  '5,    75,  -333+,  '8,  '833+,  'STS. 

4.  Reduce  -^j  JJ,  V/ir»  and  /g-  to  decimals. 

Answers,  -263+,  -692+,  -025,  -25/ 

5.  Reduce  ^5^3,  yt^}  and  ^At  to  decimals. 

Answers,  -0186+,  -00797+,  -00266+. 

CASE     II. 

To  reduce  numbers  of  different  denominations,  as  of  Money,  Weight  and  Mea^ 

sure,  to  their  equivalent  decimal  values. 

RuLE.f 

1.  Write  the  given  numbers  perpendicularly,  under  each  other,  for 
dividends  ;  proceeding  orderly  from  the  least  to  the  greatest. 

2.  Opposite  to  each  dividend,  on  the  left  hand,  place  such  a  number, 
for  a  divisor,  as  will  bring  it  to  the  next  superiour  denomination,  and 
draw  a  line  perpendicularly  between  them. 

3.  Begin  with  the  highest,  and  write  the  quotient  of  each  division 
as  decimal  parts  on  the  right  hand  of  the  dividend  next  below  it,  and 
so  on,  until  they  are  all  used,  and  tlie  last  quotient  will  be  the  decimal 
sought.  .  \\. 

'  Examples. 

*  Let  the  given  vulgar  frat^on,  whofe  decimal  expreflion  is  required^be  ^^  ^ 
Now,  fince  every  decimal  fracSUon  has  10,  100,  1000,  &c.  for  its  denominator  ;  and 
if  two  fra(5tion3  be  equal,  it  will  be,  as  the  denominator  of  1  is  to  its  numerator  ;  fo  is 

9X10 
the  denominator  of  the  other  to  its  numerator  ;  therefore,  as  15:9::  10 &c. :— — • 

15 
= J^^='6  the  numerator  of  the  decimal  required  ;  and  is  the  fame  as  by  the  rule. 

f  The  reafon  of  the  rule  may  be  explained  from  the  firft  example  :  Tims,  three 
farthings  are  ^  of  a  penny,  wliich,  reduced  to  a  decimal,  is,  -75  ;  confcquently,  8^<L 
may  be  exprefled,  8'75d.  but  8*  75  is  -f-J^  J  of  a  penny  =  ^^^^  of  a  fliilling,  which, 
reduced  to  a  decimal,  is, -729 16Gs.+  In  like  manner,  17*729166».+  are  jVAVoV** 
=iJ^S^iJU'=  -886458+  a«  by  the  rule. 

L 
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Examples. 
Reduce  17s.  8^d.  to  the  decimal  of  a  pound. 
3* 


4 
12 

20 


875 


17-729166,  &c. 


•886458,  &c.  the  decimal  required. 
Here,  in  dividing  3  by  4,  I  suppose  2  cyphers  to  be  annexed  to  the 
3,  which  make  it  3-00,  and  -75  is  the  quotient,  which  I  write  against 
8  in  the  next  line  ;  this  quotient,  viz.  8 -75  being  pence  and  decimal 
parts  of  a  penny,  I  divide  them  by  12,  which  brings  them  to  shillings 
and  decimal  parts,  I  therefore  divide  by  20,  and,  there  being  no  whole 
number,  the  quotient  is  decimal  parts  of  a  pound. 

2.  Reduce  I,  2,  3,  4,  and  so  on  to  19  shillings,  to  decimals. 
Shillings.     1         2         3         4         5         6         78         9  10 
Answers.-05,       '1,     -15,       %     -25,       '3,     -35,       '4,     -45,      -5, 
Shillings.     11         12         13         14         15         16         17         18        .19 
Answers.    -55,        -6,      -65,        -7,      -75,        -8,      -85,        -9,     -95. 

Here,  when  the  shillings  are  even,  half  the  number,  with   a  point 
^prefixed,  is  their  decimal  expression  ;  but  if  the  number  be  odd,   an- 
nex a  cypher  to  the  shillings,  and  then  halving  them,   you  will  have 
their  decimal  expression. 

3.  *Reduce  1,  2,  3,  and  so  on  to   11   pence,  to  the  decimals  of  a 
shilling. 
Pence.  1 
Answers.  '083+, 
Pence.  7 
Answers.   '583+, 

4.  Reduce  1,2,  3,  &c.  to  1 1  pence,  to  the  decimals  of  a  pound. 
Pence.  1  2  3  4  5 
Answers.      -00416+,        -0083+,         -0125,       -01666+,     -0208+^ 
Pence.             6               7              8              9               10               11 
Answers.     -025,     -02916+,  -0333+,-      0375,  -0416+,     -04583+. 

5.  Reduce  1,  2  and  3  farthings  to  the  decimals  of  a  penny. 

lqr.='25d.  2qr.=-5d.  and  3qr.='75d.  AnsTt^ers". 

6.  Reduce  1,  2  and  3  farthings  to  the  decimals  of  a  shilling.   ,' 

'  Answers.   lqr.=:-02083+s.  2qrs.=-04166+s.  3qrs.=  0625s. 

7.  Reduce  l',  2  and  3  farthings  to  the  decimals  of  a  pound 

Ans.    Iqn=00l0416+;C.    2qis.=  002083+;C.   3qrs.=-003125;C. 

8.  Reduce  15s.  5|d.  to  the  decimal  of  a  pound.  Ans. -6729+. 

9.  Reduce  7Cwt.  3qrs.  17lb.  lOoz.  12dr.  to  the  decimal  of  a  ton. 

Ans.  -39538+. 

10.  P..educe  lOoz.  ISpwt.  9gr.  to  the  decimal  of  a  pound  Troy. 

Ans.  -8890625. 

11.  Reduce  3qrs.  3n  to  the  decimal  of  a  yard.  Ans.  -9375. 

12.  Reduce  5fur.  1 2po.  to  the  decimal  of  a  mile.         Ans.   -6625, 

13.  Reduce  55m.  37sec.  to  the  decimal  of  a  day.     Ans.  -03862+. 

*  The  ailfwers  t»  this  quelUon  atre  the  fame  as  the  decimal  parts  of  a  foot, 
"*  CASE 


2 

3 

4                 5 

6 

166 

•25, 

-333+,        -416+, 

'    -5, 

8 

9 

10 

11 

'666-t, 

•75, 

•833+, 

•9 16+. 

DECIMAL  FRACTIONS.  8S 

'    .  CASE     III. 

Tojind  the   decimal  of  any  number   of  shillings,  pence  qnd  farthings,  by 

inspehion. 

Rule* 

1.  Write  half  the  greatest  even  number  of  shillings  for  the  first  de- 
cimal figure. 

2.  Let  the  farthings  in  the  given  pence  and  farthings  possess  the 
second  and  third  places  :  observing  to  increase  the  second  place  or 
place  of  hundredths,  by  5  if  the  shillings  be  odd,  and  the  third  place 
by  1,  when  the  farthings  exceed  12,  and  by  2  when  they  exceed  36. 

Examples. 

1.  Find  the  decimal  of  13s.  9\d,  by  inspeftion. 

•6  .  .  =^  of  12s. 

5     for  the  odd  shilling. 
39  =the  farthings  in  9|d. 
Add  2  for  the  excess  of  36. 

•691  =  decimal  required. 

2.  Find,  by  inspection,  the  decimal  expressions  of  1 8s.  3;|d.  and 
I7s.  8id.  ,  Ans.  ;f-914andjf-885. 

4.  Value  the  following  sums,  by  inspedlon,  and  find  their  total, 
viz.  15s.  3d.+8s.   llld.+lOs.  6^d.+ls.  8id.+|d +2-|d. 

Ans.  ^.1'834  the  total. 

CASE     IV. 

;  Tojind  the  value  of  any  given  decimal  in  the  terms  of  the  integer. 

Rule. 
II  Multiply  the  decimal  by  the  number  of  parts  in  the   next  less 
denomination,  and  cut  off  so  many   places  for  a   remainder,  to  the 
right  hand,  as  there  are  places  in  the  given  decimal. 

2.  Multiply  the  remainder  by  tlie  next  inferiour  denomination,  and 
cut  oif  a  remainder  as  before. 

3.  Proceed  in  this  manner  tlirough  all  the  parts  of  the  integer,  and 
the  several  denominations,  standing  on  the  left  hand,   make  the   an- 
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*  The  invention  of  the  rule  is  as  follows  :  As  fliillings  are  fo  many  20ths  of  a 
pound,  half  of  them  muft  be  fo  many  tenths,  and  confequently  take  the  place  of 
tenths  in  the  decimals  ;  but  when  they  arc  odd,  their  half  will  always  conlift  of  two 
figures,  the  first  of  which  will  be  half  the  even  number,  next  Icfs,  and  the  Ibcond  a 
5  :  Again,  farthings  are  fo  many  9G0ths  of  a  pound,  and  had  it  happened  that  1000, 
jnftead  <)f  90O,  had  made  a  pound,  it  is  plain  any  number  of  farthings  would  have 
made  fo  many  thoufandths,  and  might  have  taken  their  place  in  tlie  decimal  ac- 
cordingly. But  960  increaled  by  •  part  of  itfelf,  is=  1 000,  consequently  any  num- 
bel-  of  farthings,  increafed  by  their  ^'^  part,  will  be  an  exacl  decimal  cxprcUiou  for 
them  :  Whence,  if  the  number  of  farthings  be  more  than  1  '2,  ^'^  part  is  greater 
than  |qr.  and,  therefore,  1  muft  be  added  ;  and  when  the  minibcr  of  farthings  is 
more  than  30',  .^^^  part  is  greater  thim  I^qr.  for  which  2  muft  be  added. 
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Examples. 
1.  Find  the  value  of  '73968  of  a  pound, 
20 


14-79360 
12 

9-52320 
4 


2-09280     Ans.  Hs.  9^. 

2.  What  IS  the  value  of  -679  of  a  shilling  ?  Ans.  8-1 48d. 

.  3.  What  is  the  value  of -9999;^ .  ?        Ans.   I9s.   ll^d.^fQ-^or  £U 

4.  What  is  the  value  of  -617  of  a  Cwt.  ? 

Ans.  2qrs.   13lb.   loz.   lO^^^dr. 

5.  What  is  the  value  of  -8593  of  a  lb  Troy  ? 

Ans.   lOoz.  6pwt.  5gr. 

6.  TVhat  is  the  value  of -397  of  a  yard?  Ans.   Iqr.  2-352n. 

7.  What  is  the  value  of  -8469  of  a  degree  ? 

Ans.  58m.  6fur.  35po.  Oft.   11  in. 

8.  What  is  the  value  of  '569  of  a  year  ? 

Ans.  207da.   16ho.  26m.  24sec. 

9.  What  is  the  value  of  '713  of  a  day  ?       Ans.  17h.  6m.  43sec. 

CASE     V. 
To^n  J  the  value  of  any  decimal  of  a  pound  by  inspeSlon, 

Rule. 

Double  the  first  figure,  or  place  of  tenths,  for  shillings,  and  if  the 
second  figure  be  5,  or  more  than  5,  reckon  another  shilling  ;  then, 
after  the  5  Is  deduced,  call  the  figures  in  the  second  and  third  places 
so  many  farthings,  abating  1  when  they  are  above  12,  and  2  when 
above  36,  and  the  result  will  be  the  answer. 

Note.  When  the  Decimal  has  but  2  figures.  If  any  thing  remain 
after  the  shillings  are  taken  out,  a  cypher  must  be  annexed  to  the 
right  hand,  or  supposed  to  be  so. 

Examples. 
1.  Find  the  value  of  -876;^ .  by  inspeftion. 
1 6s.      =  double  of  8. 
Is.       for  the  5  in  the  second  place,  which  is  to  be  taken  out 
And  6id.=26  farthings  remain  to  be  added.  [of  7. 

Dedu<n:  ;^d.  for  the  excess  of  12. 


17s.  6^d.  the  Ans* 
2.  Find,  by  inspedlon,  the  value  of  '49^. 
8s.  -     -  =  dfmble  of  4. 
Is.  -     -  for  the  5  In  the  place  of  hundredths. 

lOd.  =  40  farthings,  a  0  being  annexed  to  the  remaining  4. 
Ded.         ^d.  for  the  excess  of  36» 


9s.  g^d.  the  Answer. 

S.  Find 
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3.  Find  the  value  of  '097;^ .  by  Inspedlon. 


Ans.   Is.   IHd 


4.  Value  the  following  decimals,  by  Inspe<5lion,  and  find  tlieir 
sum,  viz.  '1H5£.  + '5^1£.  +  -QIQC  +  •74^-  +'5£.  +-25£.  -h 
•09;^.  +  -008^.  Ans.  £S  16s.  6d. 


Decimal  TABLES  of  Co 

IN,  Weight  and  Measure.          1 

TABLE     I. 

Coin. 

Farthing 

^.  Decimals. 

Grains.  ]  Decimalsi. 

Ounces 

Decimals. 

£.  1  the  Integer. 

3 

•0625 

4 

•008333 

10 

•00558 

Shil. 

dec. 

Shil.1  dec 

2 

•041666 

3 

•00625 

9 

•00.3022 

19 
18 
17 

•95 

•9 

•85 

9 
8 
7 

•45 

•4 

•35 

1 

•020383 

2 

1 

•004166 
•002083 

3 
7 
6 

•004464 
•003906 
•003348 

TABLE    III. 
Troy  Weight. 

TABLE  IV. 

16 

•8 

6 

•3 

lib.  the  Integer. 

AvoirdIupois  Wt. 

5 

•00279 

15 

•75 

5 

•25 

Ounces  the  fame  as 

1121b.  the  Inteeer. 

4 

•002232 

14 

•7 

4 

•2 

Tabxe   II. 

Qrs. 

Decimals. 

3 

•001674 

13 

•65 

3 

•15 

Pwts. 

Decimals. 

3 

•75 

2 

•001116 

12 

■6 

2 

•1 

10 

•041666 

2 

•5 

1 

•000558 

11 
10 

•55 
•5 

1 

•05 

9 

•0375 

•033533 

•029166 

1 

•25 

qrs.ofoza.!  Decimals. 

8 

7 

Pounds. 
27 

Decimals. 
•241071 

3 
2 

•000418 
•000279 

Pence. 

Decimals. 

11 

10 

•045833 
•041666 

6 
5 

•025 
•020833 

26 
25 

•232143 
•223214 

1 

•000139 

TABLE  V. 

9 

•0375 

4 

•016666 

24 

•214286 

Avoirdupois  Wt. 

8 

•033383 

3 

•0125 

23 

•205357 

lib.  the  Inte?rer. 

7 

•029166 

2 

•008333 

22 

•196428 

Ounces. 

Decimals, 

6 
5 

•025 
•0208S3 

1 

•004166 

21 
20 

•1875 
•178571 

15 
14 

•9375 
•875 

Grains. 

Decimals. 

4 

•016666 

12 

•002083 

19 

•169643 

13 

•8125 

3 

•0125 

11 

•00191 

18 

•160714 

12 

•75 

2 

•008333 

10 

•001736 

17 

•151786 

11 

•6875 

1 

•004166 

9 
8 

•001562 
•001389 

16 
15 

•142857 
•133928 

10 
9 

•625 
•5625 

Farthings. 

Decimals. 

3 

•003125 

7 

•001215 

14 

•125 

8 

•5 

2 

•0020833 

6 

•001042 

13 

•110671 

7 

•4375 

1 

•0010416 

5 

•000868 

12 

•107143 

6 

•375 

TABLE  II. 

4 

•000694 

11 

•098214 

5 

•3125 

Coin  &LongMeaf. 

3 

0 

•000521 
•000347 

10 

•089286 

4 

•25 

1  Shil.  &  1  foot 

9 

•0;-i0357 

3 

•1875 

the  Intporfr. 

1 

•000173 

8 

•071428 

2 

•125 

Pence  & 

— e> — 

Decimals. 

1    Oz.    the  •  Integer. 
Pennyweights  the 

7 

•0625 

1 

•0625 

Inches. 

6 

•053571 

Drams. 

Decimals. 

11 

•91660-3 

fame  as  Shillings  in 

5 

•044643 

15   • 

•058593 

10 
9 

•833333 
•75 

in  the  firft  Table. 

4 
3 

•035714 

•026786 

14 
13 

•054687 
•O50781 

Grains. 

Decimals. 

8 

•666666 

12 

•025 

2 

•017857 

12 

•046875 

7 
6 

•58333^ 
•5 

11 
10 

•022916 
•020833 

1 

•008928 

11 
10 

•0429.8 
•03  90.;  2 

Ounces. 

Decimals. 

5. 

•416666 

9 

•01875 

15 

•008370 

9 

•035156 

4 

•333333 

8 

•016666 

14 

•007812 

8 

•0321.1 

3 

•25 

7 

•014583 

13 

•(K)7254 

7 

•02734.'} 

2 

•166666 

6 

«0125 

12 

•006696 

()■ 

•<)-J.t!37 

1 

•083333 

5 

1  ^010416 

11      (   -006138     1 

5 

•<)l:)531 

8& 
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TABLE    VI. 

Cloth  Measure. 

[    Yard  the  Integer, 

Quarters.  I  Decimals 

3  -75 

2  -5 

1  -25 


Drams. 
4 
3 

2 

1 


jDecimals 

•015625 

•011718 

•007812 

•003906 


Nails. 
3 


Decimals. 
•1875 
•125 
•0625 


TABLE  VII. 
Long    Measure. 
1  Mile  the  Integer 


Yards. 

1000 

900 

800 

700 

600 

500 

400 

300 

200 

100 

90 

80 

70 

60 


Decimals. 

•568182 

•511364 

•454545 

•397727 

•34 

•284091 

•227272 

•170454 

•113636 

•0568 18 

•051136 

•045454 

•039773 

•034091 


Inches. 
6 
5 
4 
3 
2 


Decimals. 

•0000947 

•000079 

•0000632 

•0000474 

•0000316 

•0000158 


TABLE  VIII. 

Liquid  Measure. 

Gallon  the  Integer. 

Quarts  the  fame  as 
qrs.  in  Table  VI. 
1  Pint. 
3  Gills. 
2 
1 


•125 
•09375 
■0625- 
•03125 


TABLE  IX. 

Time. 

'  Year  the  Integer, 
Months  the  fame  as 
Pence   in  Table  II. 


Jays. 

365 

300 

'JOO 

100 

90 

80 

70 

60 

50 

40 

SO 

20 

10 

9 

8 

7 

6 

5 

4 

.    3 

2 


Decimals. 
1-000000 
•821928 
•547945 
•273973 
•246575 
•219178 
•191781 
•164383 
•136986 
•109589 
•082192 
•054794 
•027397 
•024657 
•021918 
•019178 
•016438. 
•013698 
•010959 
•008219 
•005479 
•002739 


1  Day  the  Integer. 


Hours. 
23 
22 
21 


Decimals. 
•958333 
•916666 
•875 


Hours. 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 
9 
8 
7 
6 
5 
4 
3 


Decimals. 

•833333 

•791666 

•75 

♦708333 

'666666 

•625 

•583333 

•541666 

•5 

•458333 

•416666 

•375 

•333333 

•291666 

•25 

•208333 

'166666 

•125 

•083333 

•041666 


1 


Minutes, 
30 
20 
10 

9 

8 

7 

6 

5 

4 

3 

2 


Decimals. 

•020833 

•013888 

•006944 

•00625 

•005555 

.004861 

•004166 

•003472 

•002777 

•002083 

•001388 

•000694 


COMPOUND  MULTIPLICATION* 

IS  extremely  useful  In  finding  the  value  of  Goods,  &c.  And  as  in 
Compound  Addition,  we  carry  from  the  lowest  denomination  to  the 
next  higher,  so  we  begin  and  carry  In  Compound  Multiplication  : 
One  general  rule  being  to  multiply  the  price  by  the  quantity. 

CASE  L 

IVhen  the  quantity  does  not  exceed  ^2  yards ^  pounds ^  l^c  :  Set  down  the 
price  of  1,  and  place  the  quantity  underneath  the  least  denomination, 
for  the  multiplier,  and,  In  multiplying  by  it,  observe  the  same  rules 

for 

*  The  producSt  of  a  number,  confifling  of  feveral  parts  or  denominations,  by 
any  fimple  number  whatever,  will  be  expreffed  by  taking  the  produdl  of  that  fim- 
ple  number,  and  each  part  by  itfelf,  as  fo  many  diflincSt  queftions  :  Thus  ;^.33  1 5s 
9d.  multiplied  by  5,  will  be  ^.165  75s.  45d.=r:(by  taking  the  fliillings  from  the 
pence,  and  the  pounds  from  the  fhillings,  and  placing  them  in  the  fliillings  and 
pounds  lespecfLively,)  £.\6S  18s.  9d.  and  thi^  will  be  true  when  the  multiplicand  is 
any  compound  nmnber  whatever. 
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'for  carrying  from  one  denomination  to  another  as  in  Compound  Ad- 
dition. 

Introductory  Examples. 
1.  2.  3.  4. 

£,      s.      d.       jr.      s.      d.    D.  d.    c.  m.     £.     s.      d. 


Multiply  15     17     1 
by                   2 

25     12 

8 
3 

8     5 

1 

7 
4 

67     18     6' 
5 

31 

5. 
D.  c.          C 
4  75         13 
6 

6. 
s.    d. 
12  11 

7 

s. 
16 

7. 
d. 

8 

E. 

2 

8. 
D     d.    cm. 
7     8     9     1 
9 

9.                            10. 
r.    s.     d.             £.     s. 
4     13     4|             8     15 
10 

d. 
11 

D. 

35 

11. 
c. 

87 

m. 

5 

12 

12. 
£.      s.     d. 
14     17     18^ 
9 

133  19  2t 
In  the  last  example,  I  say,  9  times  1  is  9  farthings =2J:d.  I  set  down 
^  and  carry  2,  saying,  9  times  8  is  72,  and  2  I  carry  makes  74  pence, 
=6s.  2d.  I  set  down  2  in  the  pence  and  carry  6  ;  then,  9  times  7  (the 
unit  figure  in  the  shillings)  is  63,  and  6  I  carry  is  69,  I  set  down  9 
under  the  unit  figure  of  the  shillings,  and  carry  6,  saying,  9  times  1  is 
9,  and  6  I  carry  is  15,  then  I  halve  15,  which  is  7  and  1  over,  which. 
I  set  in  the  ten's  place  in  the  shUJings,  and  that,  with  the  9,  makes  19 
shillings  ;  then  I  carry  the  7  as  pounds  :  Lastly,  9  times  4  is  36,  and 
7  I  carry,  are  43  pounds  :  I  set  down  3  and  carry  4,  saying,  9  times 
1  is  9,  and  4  I  carry  makeL  13,  which  I  set  down,  and  the  product  is 
;f.l33  19s.  2;^d. 

Practical  Questions. 
Note.  The  facility  of  reckoning  in  tlie  Federal  moneys  compared  with 
pounds,  shillings  J  &c.  may  be  seen  from  the  examples  in  this  and  the  fol- 
lowing cases  ;  where  the  same  questions  are  given  in  both  the  cur- 
rencies, as  near  as  can  be,  avoiding  small  fradions.  It  may  be  ob- 
served, that  the  variety  of  cases  here  given  is  applicable  only  to  the 
old  currency,  while  the  s^me  questions  in  the  Federal  are  solved  by 
plain  decimals. 

1.  What  will  9  yards  of  cloth  at' i  ^^'  ^  '    {-per  yard,  come  to  ? 

£.0  5s.  4d.    price  of  one  yard,    '880.  9m. 
Multiplied  by  9       yards.  9 


Ans.  £.2  8     0    price  of  9  yds.    D.  8  -00     1 

2.  3  yards  « { ,{,^^,,,. ^ . }  P" ^-''=  { ^.T  <^c.  8m.} 
^    fi  J9s.      lOd.       "I  _5"/*.2     19s         1 

*••*■"   ID.163C.  9m.j   "    "     *-[d.9  83c.  4xn.3 


4.  f) 
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ri3s.    7id.    1  _^£.e   2s.   7id.l      ' 

^*  ^  •     "     ■     tD.SSTc.lm.J      "    "   -|D.20  43c.9m.J 

CASE     IL 
IVhen  the  muliiplisr^  that  is,  the  quantity,  is  above  \  2  :  You  must  multiply 
by  two  such  numbers,  as,  when  multiplied  together,  will  produce  the 
given  quantity. 

Examples. 

1.  \r.iat  will  144  yards  of  cloth  cost,  at  |  ll  '^to      1  per  yard  ? 

|_.'j/c.  o^m.  I  ^      ' 

/  •  s.  d.  c.  m. 

0  3  5\  price  of  1  yard  -5764 

Multiply  by        12  144 

Produces     '2  1  6  price  of  12  yards.  23056 

Multiplied  by      12  23056 

5764 

Answer  £.2^  18  0  price  of  144  yards.  

Ans.D.83-0016 
Questions.  Answers. 

o     9^ y9s.    lOd.  I    r/;.13  5S.   6d.       \ 

0.  Z.I  |j^  J  63c.  9m.J  Id  44  21c.    3m.  j" 

4    44. n2s.  4id.         1    f^.27  4s.  6d.      1 

^.  ^4. |j^  2  6c.  2|m.X    tD.90  75c.  J 

^  CASE    in. 

When  the  quantity  Is  such  a  number,  as  that  no  two  numbers  in  the  table  will 
froihice  It,  exadtly  :  Then  multiply  by  two  such  numbers  as  come  the 
nearest  to  it  ;  and  for  the  number  wanting,  multiply  the  given  price 
of  one  yard  by  the  said  number  of  yards  wanting,  and  add  the  pro- 
(dui^ts  together  for  the  answer  ;  but  if  the  produ6t  of  the  two  numbers 
exceed  the  given  quantity,  then  find  the  value  of  the  overplus,  which 
subtraft  from  the  last  product,  and  the  remainder  will  be  the  answer. 

'  Examples. 

1.  What  will   47  yards  of  cloth,  at  fl^s.  9d.  1  . 
come  to?                                                   tD.2  95c.  8m.  JP^^   ^^^^^ 

£.    s.  d. 

0     17  9  price  of  1  yard.  D.2-95S 

Multiplied  by  5  47 


Produces  4      8  9  price  of  5  yards.  20706 

Multiplied  by  9  11832 

Produces  39  18  9  price  of  45  yards.  Ans.  D.  139-026 

Add     115  6  price  of  2  yards. 


Ans.  ;^.41  14  3  price  of  47  yards. 


Note. 
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Note.  This  may  be  performed  by  first  finding  the  value  of  48  yards, 
from  which  if  you  subtra(5t  the  price  of  1,  the  remainder  will  be  the 
answer  as  above. 

Questions.  Answers. 

^    75vardsatl   ^'-     *^^^-       I  per  yard- K^^   ^^'   ^^-^• 
"'  75  yards, at  J    ^^^^     ^^^      f  P^^^^*"*- |d.70  31c.  2»m. 

,  riGs.  Sid.  1  ^J.C-54  18s.   3jd. 

^.  D/j  I2D.7IC.  IJra  J  .  "iD.ISS  4c.  6|m 

4    59  }    9s.     7d.  I  _|;^.28  5s.  5cL        7 

^.  i,y  ^^^  ^^^^  ^^1  -|d.94    22c.    3m  J 

CASE     IV. 

When  the  quantity  Is  any  number  above  the  Multiplication  Table  :  Multiply 
the  price  of  I  yard  by  10,  which  will  produce  the  price  of  10  yards  ; 
*rhis  produd,  multiplied  by  10,  will  give  the  price  of  100  yards  ;  then, 
you  must  multiply  the  price  of  one  hundred  by  the  number  of  hund- 
reds in  your  question  ;  the  price  of  ten,  by  the  number  of  tens  ;  and 
the  price  of  unity,  or  1,  by  the  number  of  units  :  Lastly,  add  these 
several  produds  together,  and   the  sum  will  be*'  the  answer. 

Examples. 

1.  What  will  359  yards  of 
to 


1.  What  will  359  yards  of  cloth,  at  f  4s.  7id.  1  t  ^ 

>  1 77c.  Im.  J  P^^  y^^°*  amount 

£.    s.     d  c  m» 

0    4     7  J  price  of  1  yard.  '771 


10 


359 

6939 

2    6     3  price  of  10  yards.  3855 

10  2313 


23     2    6  price  100  yds.  Ans.  D.276-78^ 
3 


69  7  6  price  of  300  yards, 
^times  the  price  of  10yds.=ll  11  3  price  of  50  yards. 
9  times  the  price  of  1  yd.=  2     1     7^  price  of    9  yards. 


Answer  ;f.  83     0    4^  price  of  359  yards. 

3  473  ps-     Hid.        1     _f;f.235  Os.  5H    \ 

4  r,2  P^s       JOd.         1  _  y/.4.0.5  6s.  8d.      1 

ID  2  63c.   9m.  |  (1X1351  16c.  8m.| 

5.  765  i  ^^s-     ^id         1 r/:.757  Os.  7^d.   \ 

7b^  1^^  ^^^^  ^^^  I |d.2523  7>  \m,\ 

M  CASE  y. 
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CASE  V. 
To  find  the  value  of  one  hundred  iveight  :  As  1 1 2  is  the  gross  hundred, 
so  1 1  2  farthings  are  =2s  4d  and  112  pence  =9s.  4d  ;  therefore,  if 
the  price  be  farthings,  or  not  more  than  3d  multiply  2s.  4d  by  the 
farthings  in  the  price  of  1  lb  or,  if  the  price  be  pence,  multiply  9s.  4d. 
by  the  pence  in  the  price  of  1  lb,  and  in  either  case,  the  produa  will 
be  the  answer. 

Examples. 

1.  Whiit  will  1  Cwt.  of  chalk  come  to  at  j  ^  ^^5^*    1  per  pound  ? 

H2  farthin  gs=:  0     2     4  price  of  1  Cwt.  at  -^  per  lb.  -021 

4jd.  =  6  farthings  in  the  price.  112 

Answei\j^.O  14    0  price  of  1  Cwt.  at  1^  per  Ibi    *  42 

21 

21 

s.  d.  Ans.  2-352 

2.  iCwt.  of  tm  at  2^d.  per  lb.  ?     2  4  price  of  1  Cwt.  at  ^d.  per  lb. 

•03 1 25  9  farthings  in  the  price  of  1  Ib.- 

112  

Ans.  £.1  1  0  price  of  I  Cwt.  at  2i  per  lb. 

6250  *^ 

3125 
8125 


Ans.  D. 3-50000    ^    ^j      ^        s.  d. 

7  pence  in   the  price 
£.3  5  4}  price  of  1  Cwt.  at-5^,per  lb. 


Ans.  D. 3-50000    r    ^j      i        s.  d. 

3. 1  Cwt.of  leadat  4  q/^*     f  lb.  ?9  4  prlcv?  of  1  Cwt.  at  Id.  per  lb. 
•098      i^c.om.j  7  pence  in   the  price  of  1  lb. 


112 


196 

98 
98 

Ans.  D.  10-976 

Questions.  Answers. 

4.  1  Cwt.  of  copper  at  {  ^f%^^  ]  per  lb.  =  {^f  fers^.} 

=    ,  hid    iq.       1     _f^.l  4s.  6d.  1 

*  '  tSc.    e^m.   i  ~lt>A  8c.  8m.  J 

«•  ■  —  {z.  ]-  -m  "  1 

CASE    VI. 

To  find  the  rvalue  of  t'wo,  or  more  hundreds  f  ly  having  the  price  of  one 
pound:  First,  find  the  price  of  1  Cwt.  by  the  last  Case,  and  then 
proceed  to  find  the  value  of  the  whole  by  Case  1st.  or  2d.  as  the  ques- 
tion may  require. 

Examples. 
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Examples. 

1.  What  is  the  value  of  5^cwt.  of  sugar  at  -j  J^      ^'i  [•  perlb. 

£,    s  d.  Cwt.  qr.  D. 

0    9  4  price  of  1  cwt.  at  Id.  perlb.       5  1  'OSSI. 

6  4  588 


2  16  0  price  of  ditto  at  6d.  per  lb.      21  664- 

5  28  664 


415 


14     0  0  price  of  5cwt.  168  196 

1  qr.  =    0  14  0  price  of  ^cwt.  42  

^       D.49000  An^. 

Ans.;f.l4  14  Opriceof  5^cwt.  588  lb. 


Questions..  Answers. 

2.  4cwt.  of  sugarat{  ^g    }perpound  =  {  ^ts'eSc."'^'  } 

^'  ^^      I    7c.     J  t   D  66  64c.      | 

4    7        _j, i   H^^    1        S    15    10s.  4d    1 

^.   /  |6c6m.J  ;^D.51  74c.  4mJ 

CASE    VL 
To  find  the  value  of  a  hundred  nvetght,  'when  the  price  of  1  lb.  is  any  num^ 
her  of  pounds  and  shiUings  ;  or  shillings  ^  pence  and  farthings   :  Multiply  the 
price  of  1  lb.  by  7,  its  produdl  by  8,  and  this  product  by  2  ;  which  last 
produ(5l  will  be  the  answer  required. 

Examples. 
1.  What  will  1  cwt.   of  tobacco  cost  at  \  ^^'  ^^        f  per  11^ 
£.   Id.  if. 

0     5  74r  price  of  1  lb.  •9375 

7  112 


1   19  4^  price  of  7  lb.  18750 

8  9375 


9375 


15  15  0  price  of  56  lb.  or  ^  cwt.  . 

2  D.105-    Ans. 


Ans.^^.Sl   10  0  price  of  112  lb.  or  1  cwt. 


Questions.  Answers. 

2.   1  Cwt.  at  I     g^^     g^        ^per  lb.  :;.  ^    ^^^^    ^.^    ,^^    | 
«    1  i      9s.     6d.  I  I       {,  5S     4s.         7 


4.  1  cwt. 


16s.     lljd. 
D.2  82c.   6m 

i. 

19s.     8^d. 
D  3  28c.  l^m 
;^.l  7s.   lOd. 
D.4  63c.  9m. 

,94. 

19s. 

4d. 

.316 

51c. 

2m. 

£' 

110 

5s. 

D.3G7     50c. 

155 

ITs. 

4d 

519 

56c 

8m 
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4..  H.wt.at^   J)  2  82c.   6m.  J  "^D. 

5    1 
6.  1 

PRACTICAL  QUESTIONS  in  WEIGHTS  and  MEASURES. 

1.  What  is  the  weight  of  4  hogsheads  of  sugar,each  weighing  Tcwt. 
Sqrs.  191b.  ?  Ans    3lcwt   2qrs.  20lb. 

2.  What  is  the  weight  of  6  chests  of  tea,  each  weighing  3cwt.  2qrs. 
91b.  ?  '  Ans    2Icwt.    Iqr    26lb. 

3.  If  I  am  possessed  of  1 J  dozen  of  silver  spoons,  each  weighing 
Soz,  5pwt. — 2  dozen  of  tea  spoons,  each  weighing  15pwt  14gr. — 3 
silver  cans,  each  9oz.  7pwt  — 2  silver  tankards,  each  21  oz.  15pwt. 
and  a  silver  porringers,  each  lloz  18pwt.  Pray,  what  is  the  weight 
of  the  whole?  Ans.  18  lb.    4oz     3pwt. 

4  In  35  pieces  of  cloth,  each  measuring  27|:  yards,  how  many 
yards  ?  Ans.  97I4  yards. 

5.  How  much  brandy  in  9  casks,  each  containing  4.5gal.  Sqts   Ipt  ? 

Ans.  412gal.  3qts.   Ipt. 

6.  If  I  have  9  fields,  each  of  which  contains  12  acres,  2  roods  and 
25  poles  ;  how  many  acres  are  there  in  the  whole  ? 

Ans.  113A.  3r.  25p. 


COMPOUND    DIVISION* 

IS  the  dividing  of  numbers  of  different  denominations  :  In  doing 
which,  always  begin  at  the  highest,  and  when  you  have  divided  that, 
if  any  thing  remain,  reduce  it  to  the  next  lower  denomination,  and  so 
on,  till  you  have  divided  the  whole,  taking  care  to  set  down  your  quo- 
tient figures  under  their  respedive  denominations. 

INTRODUCTORY    EXAMPLES. 

1.                                    2.  3. 

£.       s.     d.                       D.   d.  c.  m.  £.      s.  d. 

Divide  549     17     9  by  5             3)14  1  9  6  4)731  5  10| 


Ouot.;f.  109     19    G\ 


*  To  divide  a  number  confifting  of  several  denominations  by  any  fimple  number 
whatever,  is  the  fi  me  as  dividing  alljthe  parts  or  members  of  which  that  number  is 
compofed  by  the  fame  number.  And  this  will  be  true  when  any  of  the  parts  are 
not  an  exa£l  multiple  of  the  divlfor  ;  for,  by  conceiving  the  number,  by  which  it 
exceeds  that  multiple,  to  have  its  proper  value  by  being  placed  in  the  next  lower 
denomination,  the  dividend  will  still  be  divided  into  parts,  and  the  true  quotient 
found  as  before  :  Thus^-^l  17s.  6d.  divided  by  6,  will  be  the  fame  as  £,SG  11-7^ 
^^d.  di  ided  by  6,  wliich  is  equal  to  £S  19s.  7d.  as  by  the  rule. 
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4. 

5. 

6. 

7. 

£,      s.     d. 

£.     s.  d. 

D.     c.  m. 

£.      s.  d. 

2)97  19  10^ 

6)37  11  H 

7)25  49  4 

8)739  12  \\ 

8                         9 
D      c.           £,      s    d. 
):37  50         10)79  13  9^ 

10 
£,       s.     d. 
11)58  19  lU 

11. 

E,  D.  d.  c.  m. 

12)3    9    8    7   5 

In  the  first  example,  having  divided  the  pounds,  the  4,  which  re- 
mains, is  4  pounds,  which  are  equal  to  80  shillings,  and  17  in  the 
shillings  make  97  j  I  then  find  5  is  contained  19  times  in  97,  and  2 
over:  I  set  down  19  under  the  shillings,  and  reduce  the  2  shillings, 
which  remain,  into  pence,  and  they  make  24,  and  the  9  pence,  in  the 
question,  added,  make  33  ;  Then,  how  often  5  in  33  ;  I  find  it  6  times, 
and  3  over  :  I  set  down  6  under  the  pence,  and  reduce  the  3  pence, 
which  remain,  to  farthings,  and  they  make  12  ;  then,  how  often  5  in 
12 ;  I  find  it  to  be  twice  :  I  therefore  set  down  ^d.  and  the  2  which 
remains,  is  ^  of  a  farthing,  which  I  make  no  account  of. 

12.  13.  14.  15. 

T.  cwt.  qr.  Jt)  oz.  dr.        T.  cwt  qr.  }^         cwt.  qr.  {^  j^j  oz.  dr. 

3)29   13  2  25   12   13       4)6   II   3    19        5)14   I    12        6)10   13  9 


16.  17.  18.  19. 

Jt,  oz.  Jl)  oz.pwt.gr.  j^oz.pwtgr.  lb.  ozpwt.gr. 

7)20   13  8)7   10   15  2         9)56  9   13   19  10)849  II    12   14 


20.  21. 

M.   w.    d.     h.     m.  M.      d.      h.    m.  22. 

J)6     3     5      10     29  7)9     21      12     45  8)3s.  25^  55'  25' 


23.  24. 

9)19°     45'     38"  12)189^     37'     29" 


25.  Suppose  that  two  places  lie  east  and  west  of  each  other,  and  it 
is  found  by  observation  that  it  is  noon  at  the  former  2  hours,  6'  30" 
sooner  than  at  the  latter  ;  how  many  degrees  are  they  asunder  ? 

4')2h.  6'  30"  Reduce  the  hours    and  minutes  to 

minutes,  then,  minutes  divided   by  4' 

31"  37'  30"  Ans.         give  degrees  in  the  quotient. 

26.  The  longitude  of  Cambridge  is  41i  44'  17",  and  that  of  Philadel- 
phia, 5h  0'  43"  ;   how  many  degrees  difference  ? 

5h   0      43" 
4  44      17 


4)0   16     26 


4"  G'    30"  Ans.  PRACTICAL 
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PRACTICAL    QUESTIONS. 

CASE  I. 

The  same  note,  which  was  given  under  Praftical  Questions  m  Com- 
pound Multiplication,  is  applicable  in  this  place. 

Having  the  price  of  any  number  of  yards  y  ^c.  riv'tthin  the  pence  tahle^  to  find 
the  price  of  unity,  or  1  yard  :  If  the  quantity  do  not  exceed  12,  proceed 
by  setting  down  the  price,  and  dividing  it  by  the  quantity  ;  which 
quotient  will  be  the  price  of  one  yard,  required  ;  but  if  the  quantity- 
exceed  12,  then  divide  by  2  such  numbers,  as,  when  multiplied  togeth- 
er, will  produce  the  quantity,  and  the  last  quotient  will  be  the  value 
of  I  yard,  required. 

Note.  This  case  proves  the  first  and  second  cases  in  Compound 
Multiplication. 

Examples. 

1.  If  9  yards  of  cloth  cost  i^''*,  ?^*  ^^^  \    what  Is  it  per  yard  * 

£,    s.    d.  d! 

9)4     3     7i  9)13  9BT5 

0     9     3i  Ans.  D.I -5486+  Ans. 

i.  If  T  ells  cost  {^^S.^^^^^^-^-JwhatcostlelH  Ans.}]^;.?!^.! 

3.  If  11  sheep  cost  Ij^'^q  95c ^8m  |  ^^^^  ^^^  ^^^^  ^^^^ ' 

Ans  il^^-^i^l 
^^^'  |d.1.905+ J 

4.  If  12  gallons  of  rum  cost  \    -g"  g  ^^^    ^^m  f^^^^  ^^  ^^  P^^ 

gallon?  '  ^^3   C    14s.    3id.     1 

Ans.  |j^  2  38c.  6m.  J 

6.   If  84    cows   cost  i  Y)*Q4;5   50^   I    ^^'^^  ^^   *^^    P^'^^  ^^  ^^^^  • 

.        r^C.S  OS.  4|d.l 
^"''l  D.IO  e^c.   J 

6.  If  132  bushels  of  corn  cost  I  ^^Ij^gg^^'g^^^' I  what   is  that   per 

per  bushel?  .^  J  3s.   l|d   1 

^"'•'[52c.    ImJ 

i^ote.  When  the  given  quantity,  or  divisor,  is  large,  and  not  a  com- 
posite number,  the- operation  may  be  performed  by  Long  Division. 

CASE     II. 
Having  the  price  of  a  hundred  'weight ,  to  find  the  price  o/"  1  lb  :     Divide 
the  given  price  by  8,  that  quotient  by  7,  and  this  quotient  by  2,   and 
the  last  quotient  will  be  the  price  of  1  lb.  required. 

EXAMPLEJSV 
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Examples. 
1.  If  1  cwt.  of  flax  cost  i  j^Y  g^'^    ^^  I  what  is  that  per  lb.  J 


8j2l.7s.8d. 
7)0  5   Hi 

2)0  0   10d.0^qr. 

0  0  5-r^^d  price  of  1  pound. 


12)7-944(-071— 

784 

104 
Ans.  7c.  Im.  (nearly.) 


^'    ^'  Ion  ^?c.}  per  cwt.  what  cost  lib  ?  Ans  {.^^^J- 

3.    At  l^rfn^'Jper  cwt-  what  cost  1   lb.  ?  Ans  j  /„^'    l\^'  '[ 
7    D  21    3  *^  tl8c   7^m.  \ 

^-    ^^  [dMI  qL  4m.}  P^'^  ^^^-  ^'^-^  -^^   >  ^'^^  ^ 

A        ^      7s.     7id.      > 
^"^•|D.I26c;7m.f 
CASE     III. 

Having  the  price  of  several  hundred  tuei^ht,  tojind  the  price  per  lb  :  Di- 
vide the  whole  price  by  the  number  of  hundreds,  which  will  give  the 
price  per  cwt.  and  then  proceed  as  in  the  last  Case. 

Examples. 
If  5cwt.  of  sugar  cost  {1^4/72'^.  tm.' }  ^^'^^  '^^  *^^  P^^  ^^•'^ 


5)131.  8s.   4d. 


8)  2   13     8  price  of  1  cwt. 


7)  0     6     Sjd.  price  of  14  lb.  or  fcwt.      

552 

2)0     0   11  id.  price  of  2  lb.  or  -^-^  cwt.        504 


112lb.  in  a  cwt. 

5cwt.  cm. 

56l0)44-722(-079j— ,or  8c. 

39  2  [nearly,  Anfi 


0     0     5^  price  of  1  lb. 


482 

- — =1  nearly. 

560 


2.  If  8  cwt.  of  cocoa  cost  i  j^^^^  ^^J^''  ^^^  \  what  is  that  pft 

\bQ.  9m.+3 

3.  If  3J  cwt.  of  sugar  cost  {'^D^ga^^g'^'  j  what  is  that  per  fo? 

4.  If  1 1  cwt.  of  cotton  wool  cost  5  j^^^^  7Tc  st  N'"' ''  'l^*' 

\\\z.   Im+J 
Note,  This  Case  preres  tte  6th  in  Compound  Multiplication. 


CASE 
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CASE    IV. 


Hainng  the  price  of  any  number  of  yards  y  l^c.  to  fnd  the  price  of  1  yard  i 
Divide  the  price  by  the  quantity,  beginning  at  the  highest  denoinina- 
tion,  und,  if  any  thing  remain,  reduce  it  into  the  next,  and  every  in- 
feriour  denomination,  and,  at  each  reduflion,  divide  as  before,  remem- 
bering each  time,  to  add  the  odd  shillings,  pence,  &c.  if  there  be  any, 
and  you  will  liave  the  value  of  unity  required. 

Note.  If  there  be  i,  ^  or  -J  of  a  yard,  pound,  &c.  multiply  both 
the  price  and  quantity  by  4,  and  then  proceed  as  above  directed  ;  or, 
in  federal  money,  vrork  by  decimals. 

Examples. 

1.  If  9511b.  of  figs  cost    J^;^^  ^^^;  g^-.^what  are   they  per 

lb.  ? 

lb  ;C.      s.      d. 

Quantity  =  95^  Price  =  16     13     6| 
Mult  by         4  4 


Produces    382  for  a  divisor.Produ<n:  £.66     14     3  for  a  dividend. 
382)66     14     3  (0     3     5|  §|g  per  lb 

20  D.  cm. dec.  c.  m. 

95i=95-5)55.59375(-58  2-hAns. 

382)1334(3  4775 

1146  

7843 

188  7640 

12  

203T 

382)2259(5.  •  I9I0 

1910  

1275 

349 

4 

382)1396(3 
1146 


250 


2.  If  147  bushels  of  ^^^  ^^^^Y'^\ll^'ltt   ^  ^^^^     '^    ^^^    ^^^ 
Bushel?  '  ■       ^n.\^ft\ 

3.  If  33i  yards  of  baize  cost  '^l^  63c.^2m  \  "^^^^ ''  ^^P^""  ^^'' 

*^^^'  ^D.2.57c.5m.5 
NolC.  This  proves  the  3d  and  4th  Cases  in  Multiplication. 

PRACTICAL 
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PRACTICAL  QUESTIONS  IN  MONEY. 

.    -n.-  -J  L'  2T3  9s   4d  ^  ,   .  J 

1.  Divide        -g  011550   5m        among  5  men  and  4  women,aiia 

give  the  men  twice  as  much  as  the  women. 

Men.Women.  £,.    s.  d.  £.    s.  d. 

5  and  4  Divide  by  14)273  9  4(19  10  8=1  woman's  fhare 

Mult,  by  2  14  4  women. 

10  fliares.                                           133          78     2  8= women's  fhare. 
Add  4  women's  fliares.  1 26  

—                                                           ;C-19  10  8 

14  the  number  of  equal                           7  2 

fliares  in  the  whole=Divifor.         20  

;^.39     1  4=1  man's  fliarft 

14)149(10  5  men. 

14         

£-195     6  8=men's  fliare. 

9          78     2  8=women'sfliarf;. 
12         

;C-273     9  4  Proof*- 

14)112(8     ^ 

112 
B. 
14)91  l-555(65-lll+    =1  woman's  fliare. 
84  4  women. 


71  2b'0'444=women's  fliare. 

70  . 

65-1 11 -f 

15  2 

14  

130-222+  =1  man's  fliare. 

15  5 


14 


15  651-111+  =men's  fliare. 

14  260-444+  =women's  fliar«. 


1  911-555+  Proof. 


o    T\'    A    \  £'  120  17s.  4d.    > 

2.  Divide  I  j^  ^jj2  ssc.  9m.   \  ^"^°"S  ^  "^^"  ^"^  7  women,  ^nd 

give  the  women  S  times  so  much  as  the  men. 

{S   £.  4  6s   4d.    >  ,     , 

iD.43  IGc  7m.  J  =  ^  ^^'^^^  ^  ^^^^• 

a    -»•  -^    ii^-  3i)  12s.  5d.  "1  .  o 

J.  iJivide  -J     J)    132  Yc.     |  ^"^^"g  *  '"en,  6  women,  and  9  boys,: 

Give  each  man  double  to  a  woman,  and  each    woman  double  to  .a 
boy. 

r  S£'^   Is.     5d.7  ,      ,     , 

^D.3     57c.-.  ?"  =  ^  ^"^y^  ^^^^«- 

Answer,^    \{)'^^  \^iJ_^^'j  =^  ^  ^omzn's  dkto, 

S/  A  5s.  8d.    >  ,     ,. 

UD.H  28c.-5  =  ^«^^"s^^«°- 

N  4*.  Piyjde 


ys 
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4.  Divide  5  guineas  among  8  men  :- 
and  B  8d.  more  than  C,  &c. 


-Give  A  8d.   more   than  B, 
Ans.  H's  share  =1 5s.  2d. 


REDUCTION  OF  COINS. 

RULES  for  reducing  the  Federal  Coin,  and  the  currencies  of  the 
several  United  States  ;  also  English,  Irish,  Canada,  Nova-Scctia,  Li- 
vres  Tournois  and  Spanish  milled  Dollars,  each  to  the  ^ar  of  all  the 
others. 


I.  To  reduce  Neiv-Hampshlre^  Mas- 
sachttsettSy   Rhoc'e-Ifland,    Connect 
tl(fut^  and  Virginia  currency  ; 
1.  To  Federal  Money. 
Rule. — Reduce    the   shillings, 
pence  and  farthings,  to  decimals, 
by   Inspedlon     (Case    3d,   Dec. 
Frac  )    divide  the   whole   by    3, 
putting  the    comma   one   figure 
further  to  the  right  hand  in  the 
quotient,   than  in  the  pounds   of 
the   dividend,   and    the  quotient 
will  be  the  answer  in  dollars,  cents 
and  mills. 

1.  Reduce  j^.349  I9s.  Id.  tQ 

dollars. 

•9  =  -J  the  shillings. 
•05  =  odd  shillings. 
•004  =  qrs.  in  Id. 

•954  =  decimal. 
3)349-954         D.     c.    rt. 
1166-513=1166  51    3   Ans. 

2.  Reduce  19s.  I|d.  to  dollars.- 
•9 

•05 
•007 

•957  =  decimal. 
3)-957       D.     c. 
3-19  =  3  19 

3.  Reduce  Is.  to  cents. 
Is.  =  '05  then 

3)0  5  c.    m. 

0'  1661  =   16     6| 

4.  Reduce  Id. 
Id.  =  4qrs. 

3)-004  c.   m. 

O'Ol  3J:  =     I     3^ 


and 


5.  Reduce  1  qr. 

Iqr.  =-001041 
3)'0  01  041 

0-00  347  =  S,%  inilis. 
3.  To  Neu'-l^ork  and Nurih-Car- 
oiiifa  currency. 

Rule. — Add  one  third  to  the 
New-Hampshire,  &c.  sum,  and 
the  sum  total  will  be  the  New- 
York,  &c.  currency. 

Reduce     ^..iOO     New-Hamp- 
shire, &c.  to  New- York,  &c. 
£. 
3)100 
+   .33     6     8 


;£'.133     6     8  Ans. 
3.  To  Pennsylvania^  New-Jerseyy 
Delaware  and  Maryland  currency. 

Rule. — Add  one  fourth  to  the 
New-Hampshire,  &c.  sum. 

Reduce    £.100     New-Hamp- 
shire,  &c.  to  Pennsylvania,  &c, 
4)100 
+    25 


4. 


£.125  Ans.     ^ 
To  South-Carolina  and  Geor" 


gia  currency. 

Rule. — Multiply  the  New- 
Hampshire,  &c.  sum  by  7,  and 
divide  the  produd  by  9,  and  the 
quotient  is  the  answer. 

Reduce    ;^'.10O     New-Hamp- 
shire, 5cc.  to  South-Carolina,  &c. 
100 
7 


9)700 

;^\77  l5  6|Ans. 


5.  r» 
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9^ 


5.  To  English  Money. 

Rule. — Deduft  one  4th  from 
the  New-Hamshire,  &c.  sum. 

Reduce     ;^".iOO    New-Hamp- 
shire, &c.  to  pnglish  Money. 
4)100 
-  25 

j^.75   Answer. 

6.  To  Irish  Money. 

Rule. — Multiply  the  New- 
Hampshire,  &c.  sum  by  13,  and 
divide  the  prodiid  by  16. 

Reduce  /".lOO  New-Hamp- 
shire, &c.  lo  Irish  Money. 

100 


^XS-f-  the  given  fum. 


400 
3 

1200 
-flOO 

16  =  4X4)1300 

4)325 

^.%\  5  Ans. 

7.  To  Canada  and  Nova-Scotia 
currency. 

Rule.  Multiply  the  New- 
Hampshire,  &c  sum  by  5,  and 
divide  the  prodnft  by  6 

Reduce    ^100     New. Hamp- 
shire, &c.  ta  Canada,  &c. 
100 
5 

6)500 

/"  83     6     8  Answer. 

8.  To  livres  Tournois. 

Note.  1 2  dcniers,  or  pence,  make  1 
sol,  or  slu'liing,  20  sols,  or  sous,  1  livrc, 
or  pound. 

Rule.  Multiply  the  New- 
Hampshire,  &c.  pounds,  by  1 T^, 
and  the  produ(^  will  be  livres  : 
Or,  multiply  the  sum  in  shillings 
by  7  :  Divide  the  produ<51:  by  8, 
and  the  quotient  will  be  livres, 
sous,  &c. 


Reduce;^  1 00 New-Hampshire 
&c.  to  Livres  Tournois. 

100  Or,  100 

17^  20 


Ans. 


700  2000 

100  7 

50  

8)14000 

1750  liv.         

Ans.  1750  livres. 

5 5 den,    ls.=l7^sous. 


Id.rrlsou. 

1/;=  17^  livres. 

II.  To  reduce  Federal  Money  to  New^ 

England  and  Virginia  currency. 

Rule,  Multiply  the  Federal 
money  by  .S,  and  if  it  consist  of 
dollars  only,  cut  off  1  figure,  if 
of  cents  also,  cut  off  3,  and  if  of 
mills,  4  figures  at  the  right  hand  ; 
then  reduce  the  figures  so  cut  off 
to  farthings  each  time  cutting  off 
as  at  first  and  the  left  hand  fig- 
ures are  pounds,  shillings,  &c  Or, 
rediice  them  by  inspedion. 

I .  Reduce  1 1 66dolls .  5 1  c.  3m. 
to  New   England  currency. 
D     c.  m. 
1166-51  3 

a 


20 

s.19'0780 
12 

•936  =ld.  nearly. 
Or,  1 8s.         =  double  of  9. 

Is.         =  5  in  the  2d  place. 
Id     =3-9  or  4qrs  that 
— —  [remain. 

19s   Id.  Ans. 
2.  Reduce  45  dollars. 
45 
3 

20 


s.10-0 


^,  Reduce 


100 
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3.  Redufce  I2D.  7c.  to  lawful 
money. 

D    c. 

12-07 

3 


;f  .3-621 
20 

s.12'420 
12 


d  5-040 
III.  To  reduce  New-Jersey^  Pennsyl- 
vania, Delaware  and  Maryland 
currency. 

1.  To  New-Hampshire,  Massa- 
chusetts, Rhode-Island,  Conne^tcut, 
and  Virginia  currency. 

Rule.  Dedud  one  fifth  from 
tlie  New-Jersey,  &c.  sum,  and  the 
remainder  will  be  New-Hamp- 
shire,  &c.  currency. 

Reduce  £A0Q  New- Jersey,  &c. 
to  New-Hampshire,  &c. 
5)100 
—  20 

£  80  Answer. 

2.  To  New-Tork  and  North-Car- 
olina currency. 

Rule  Add  one  fifteenth  to  the 
New-Jersey,  &c.  sum. 

Reduce  ^100  New-Jersey,  &c. 
to  New-York,  &c. 
15=3x5)100 

3)20 

4-613  4+giv.  sum. 


^.106  13  4  the  Answer. 

3.  To  South-Carolina  and  Georgia 
currency.  • 

Rule.  Multiply  the  New-Jer- 
sey, &c.  sum  by  28,  and  divide 
the  product  by  45,  and  the  quo- 
tient is  South-Curolina,  &c. 

Reduce  C  100  New-Jersey,  &c. 
to  South-Carolina,  &c. 


100 


4x7=28 


400 

7 


45=5X9)2800 


6)311    2  2| 

/*.62  4  5^Ans. 

4.   To  English  Money. 
Rule      Multiply  the  New-Jer- 
sey, &c   by  3,  and  divide  the  pro- 
duct by  5  ' 

Reduce  £  100  New-Jersey,  &c. 
to  English  money. 
100 
3 

5)300 

;f  .60  Answer. 
5    To  Irish  Money. 
Rule,     Multiply  the  New-Jer- 
sey, &c.  by   13,  and  divide  the 
produift  by  20 

Reduce  lOOl.  New-Jersey,  &c. 
to  Irish. 

100 


4x3-1- the  giv.  sum. 


400 
3 

1200 
+  100 


20=4X5)1300 


4)260 

65l.  Answer. 

6.  To    Canada  and  Nova-Scotia 
currency. 

Rule.     Dedu<5l  one  third  from 
the  New-Jersey,  &c. 

Reduce 


Reduce  lOOl 
to  Canada,  &c. 
3)100 
—  33 
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New-Jer&ey,  &c. 


101 


6  8 


^60   13  4  Ans. 

7.  To  Li'ores  1  ournols. 

Rule  Multiply  the  New-Jer- 
sey, &c  pounds  by  l^,  and  the 
produdl  will  be  Livres  Tour- 
uois  —or  multiply  the  sum  in 
shillings  by  7  ;  divide  the  producft 
by  10,  and  the  quotient  will  be  li- 
vres. sous,  &c. 

Reduce  1001  New-Jersey,  &c. 
to  Livres  Tournois 

100         Or,    100-^  ld.=l^fous. 
14  2oC  is-14fous. 

3  l;^.=  14liv. 

400  2000 

100  7 

Ans.  140011 V.  10)14000 

1400 

8.  To  Spanish  milled  dollars. 

.  Rule.  Multiply  the  New-Jer- 
sey, &c.  pounds  by  2y  and  the 
produd  will  be  dollars. — Or,  mul- 
tiply them  by  8  :  Divide  the  pro- 
dud  by  3,  and  the  quotient  will  be 
dollars. — If  there  be  shillings  in 
the  given  sum,  for  every  7s.  6d. 
add  1  dollar  to  the  quotient. 

Reduce  lOOl.  10s.  New-Jersey, 
&c.  to  dollars. 

100  Or  100 

8  2 


3)800 


200 


266| 


IOOX|. 
10s.: 


lOS.: 


268 


as  be- 

Ans.  268  dol.  [fore. 

IV.  To  reduce  New-Tor k  and  North' 
Carolina  currency. 
1.  To    New-Hampshire^    Massa- 
chusetts,   Rhode-Island,     Connecticut 
and  Virginia  currency. 

Rule.  Dcdua  one  fourth  from 
the  New-York,  6cc. 


Reduce  lOOl.  New- York,  &c.  to 
New-Hampshire,  &c. 
4)100 
—25 

£,.15  Answer. 
2.   To  Neiv-Jcrsey,  Penntylvania, 
Delaware,  and  Maryland  currency. 

Ruie.  Dedu<ft  one  sixteenth 
from  the  New- York   &:c   sum 

Reduce    1001.    New- York,  &c. 
to  New -Jersey.  &c. 
16=4X4)100 

4)25 

—£.Q     5 

jC-  93   15  Answer. 

8  To  South- Carolina  and  Georgia 
currency. 

Ruie.  Multiply  the  New-York, 
&c  sum  by  7,  and  divide  the 
product  by  12  :  The  quotient  is 
South-Carolina,  Sec. 

Reduce^  100  New- York,  &c. 
to  Soutli-Carolina,  &c. 
100 


12)700 


£.5H  6  8  Answer. 

4.  To  English  Money. 

Rule  Multiply  the  New- York. 
&c  sum  by  9  :  Divide  the  prod- 
uct by  16,  and  the  quotient  is  En- 
glish. 

Reduce  £.\(iQ  New- York,  &c. 
to  English  money. 
100 
9 

16=4X4)900 

4)225 

/.Se  5  Answer* 

5.  To  Irith  Money. 

Rule.   Multiply  the  New- York, 
&c. 
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&c.  sum  by  39  :  Divide  the  pro- 
duft  by  64,  and  the  quotient  is  L 
rish. 

Reduce  lOOl.    New-York,  &c. 
to  Irish  money. 

100 
6x  64-thnce  the  giv.  fum 


Rule.  If  the  New-York  sum  be 
pounds  only,  annex  a  cypher  to 
them,  then  divide  by  4,  and  the 
quotient  is  dollars  :  But  if  it  be 
pounds  and  shillings,  annex  half 
the  shillings  to  the  pounds,  and 
divide  as  before,  and  the  quotient 
is  dollars 


600 

Reduce   lOOl.  New-York,  S 

6 

to  Dollars. 

^ 

4)1000 

3600 

+  300=100X3 

250  Dolls.  Ans. 

-«4=8X  8)3900 

Reduce  lOOl.  8s.  to  Dollars, 

4)1004 

8)487   10 

£.60   18  9  Ans. 
C  To   Canada  and  Nova-Scotia 
currency, 

.  Rule.  Multiply  the  New-York, 
&c.  sum  by  5,  and  divide  the 
produa  by  8 

Reduce  lOOl.  New- York,  &c.  to 
Canada,  &c. 
100 
5 

8)500 

/*.62   10  Ans. 
7.   To  Lt'vres  Tournois. 
Rule.  Multiply  the  New- York, 
^c   sum  in   shillings  by  21  :  Di- 
vide the  produ<5l  by  .  32,  and  the 
quotient  will  be  livres,  sous,  &c. 
Reduce  lOOl.  New-York,   &c. 
to  Livres  Tournois. 

l00Note.ld.=l3^^sou. 

20  lS=134:S0U. 


251  Dolls.  Ans. 
V.    To    reduce    South -Carolina   and 
Georgia  currency. 
1.    To  Nefw- Hampshire,    Massa- 
chusetts,    Rhode-Island,     Conne^icut 
ajid  Virginia  currency. 

Rule.  Multiply  the  South  Ca- 
rolina, &c.  sum  by  9,  and  divide 
the  produ(5i:  by  7. 

Reduce    lOOl    South-Carolina, 
&€.  to  New-Hampshire,  &c. 
100 
9 

7)©00 

;f.l28   11   54- Ans. 

2.  To  NeiV'Jerscy,  Pennsylvania, 
Delaivare  and  Maryland  currency. 

Rule.  Multiply  the  South-Car- 
olina, &c.  sum  by  45,  and  divide 
the  produd  by  28. 

Reduce  lOOl.  South-Carolina, 


2000 

ll.=13^1iv. 

100 

21 

9  X  5=45 

2000 
4000 

goo 

5 

32=4X8)42000 

28- 

=4X7(4500 

4)5250 

4)642   17   14 

Ans.  13 12i  livres. 
8.  To  Spanish  milled  Dollars. 

;f.l60  14  3|Ans, 

3.  To 
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3 .  To  New-  Tork  and  North-  Car- 
uJlna  currency. 

Rule.  Multiply  the  South-Car- 
olina, &c.  sum  by  12,  and  divide 
the  produft  by  7 

Reduce   lOOl.   South-Carolina, 
&c.  to  JSFew- York,  &c. 
100 
12 


ollna,  &c-  sum  by  15,  and  divide 
the  produft  by  14. 

Reduce  lOOl     South-Carolina, 
&c.  to  Canada,  &c. 
100 


5X3 


500 


7)1200 


£.\1\   8  6-^-Ans. 
4.  To  English  Money. 
Rule.  From  the  South-Caroli- 
na, &c.  sum,  dedu6l  one  twenty- 
eighth. 

Reduce   lOOl.  South-Carolina, 
&c.  to  English  Money. 
28=4X7)100 

4)14     5  84 


—  3   11   6|from  100. 


£.9Q     8  64-Ans. 
5,  To  Irish  Money. 
Rule.  Multiply  the  South-Car- 
olina, &c.  sum  by  117,  and  divide 
the  produd  by  112. 

Reduce   lOOl.   South-Carolina, 
&c.  to  Irish. 

100 


12x9+9  times 
[thegiv.suj:n 


1200 
9 

10800 
+  100X9=900 

112=4X4X7)11700 

4)1671     8  6^ 


4)417   17   U 


;f.l04     9  34  Ans. 
6.  To   Canada  and  Nova-Scotia 
currency. 

Rule.  Multiply  the  South-Car- 


14=2X7)1500 


2)214.  5     8 


^.107  "2  1  Of- Answer. 
7.  To  Liv res  Tour nois. 
Rule.  Multiply  the  South-Car- 
olina,  &c  pounds  by  22^,  and  the 
produft  will  be  livres. 

Reduce  lOOl.   South -Carolina, 
&c.  to  Livres. 

Note.  ld.=l^sous. 
Is 


100 

221 


:1^  livre. 
ll.=22^'livres. 


200 

200- 

50 

Ans,  2250  livres. 

8.  To  Spanish  milled  Dollars. 

Rule.  Multiply  the  South-Car- 
olina, &c  pounds  by  80  and  di- 
vide the  produd:  by  7>  and  if  there 
be  shillings,  turn  them  into  dol- 
lars, and  add  them. 

Reduce    lOOl.  South-Carolina, 
&c.  to  Dollars. 
100 


10X3=30 


1000 
3 

7)3000 


Dollars  428^.     Note.  |=8d. 
VI.   To  reduce  English  Mottey. 
1.  7#   New-Hampshire,    Massa- 
chusetts y 
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chusetts,    Rhode-Island,     ConneSticuty 
and  V'tr^n'm  currency. 

Rule.  To  the  English,  sum  add 
one  ihird. 

Re Jtice  1 001   English  to  New- 
Hamjjshire.  &c. 
a)  100 
4-    Sii  6  8 

;f  133  6  8  Answer. 

2.  To  Neiv-Jersey^  Pc-nnsylvaniat 
Delaware  and  Maryland  currtncy. 

Rule.  Mull! ply  the  English 
money  by  .5,  and  divide  the  pro- 
dud  by  3 

Reduce  lOOl  English,  to  New- 
Jersey,  &c. 

100 
5 

3)500 


£\m  13  4 

3  To  Nenv-Tork  and North-Car- 
olina  currency. 

Rule.  Multiply  the  English 
money  by  16,  and  divide  the  prod- 
ua  by  9. 

Reduce  lOOl  Enghsh,  to  New- 
York,  6ic. 
100 


4x4j 


400 

4 


9)1600 


4.  To  South-Carolina  and  Georgia 
currency. 

Rule.  To  the  English  money 
add  one  twenty-seventh 

Reduce  1001.  English,  to3outh- 
Carolina,  &c. 


27- 

=3X9)100 

S)ll 

2 

^4 

+   - 

14 

0^ 

/'  103   14  0|  Alls. 

5  To  Irish  Money. 

Rule    To  the  English  sum  add 
one  twelfth. 

Reduce  1001.  English  money  to 
Irish  money. 

12)100 
+    868 

;C.108  6  8  Answer. 

6  To    Canada  and  Nova- Scotia 
currmcy 

Rule    To  the  English  sum  add 
one  ninth 

Reduce  lOOl.  English,  to  Cana- 
da, 6cc. 

9)100 

+     11   2  2| 


/111   2  2?  Answer. 
1.  To  Livres  Tourncis- 
Rule.      Multiply    the    English 
pounds  by  23^^,  and  the  piodu6l 
will  be  iivres 

Reduce  1001.  English, to  Livres 
Tournois 

Note.  Id. =1'^ sous 
Is 


100 


231- 


1^-livre. 


11  =23|livres. 


300 
200 
331- 

Liv.  sou.  den. 

Ans    2333^^  Liv  =2333  68 

VII    To  reduce  Irish  Money. 

\  To  Neiv- Hampshire,  Massa- 
chuseus,  Rhode- Island,  Connecticut 
and  Virginia  currency. 

Rule  Multiply  the  Irish  sum 
by  16,  and  divide  the  produd  by 
13. 

Reduce  lOOl.  Irish,  to  New- 
Hampshire,  &c. 

100 
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100 

4x4? 

400 

4 

13)T600 

/;  123  1  6fV  Answer. 
2    To  New- Jersey,  Ptnnsyhan'tai 
Delaware  and  Maryland  currency. 

Rule  Multiply  the  Irish  sum 
by  20,  and  divide  the  produd  by 
13. 

Reduce  lOOl.  Irish  to  New- Jer- 
sey, &c. 

100 

4  X  5=20 

400 
_5 

13)¥()U0(153  16  11,V  Answer. 
13      11      12 

—  20      12 
70     

6.5   13)220(16  13)144(11 

—  13      13 
50    —      -— 
39     90      14 
—     78      13 

11  —  -— 

3.  To  NeivTork  and  North-Car' 

bl'ma  currency. 

Rule.  Multiply  the  Irish  sum 

by  64,  and  divide  the  produdl  hy 

39. 


4.  To  South-Carolina  and  Georgia 
currency. 

Rule.  Multiply  the  Irish  sum 
by  112,  and  divide  the  produd  by 
Ut 

Reduce  1001.   Irish  to   South- 
Carolina,  &c. 
100 


7X4X4=112 

700 
4 

2800 
4 

£.    s.    d. 

117)11200(9*^  14    6At  Ans. 
1053 

670 

585 


5.  To  English  Money. 

Rule.  From  the  Irish  sum  de- 
duft  one  thirteenth. 

Reduce  lOOl.  Irish  to  English 
money. 
13)100(7 
91 

9 
20  £.     s.     d. 

—  100    0      0 


Reduce    lOOl.    Irish   to  New-     13)180(13     — 7  13    10j-| 


York,  &c 

100 

«X8=64 

800 
8 

^.     s. 

39)6400(164  2^-^-  Answer, 
39 
250 
234 
160 
156 


13 

£m    6      Ij^Ans. 

50 

S9 

11 

12 

13)132(10 
13 


6    To  Canada  and  Nova-Scotia 
currency. 

R\He. 
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Rule.  To  the  Irish  sum  add  one 

5)100 

thirty-ninth. 

-f-   20 

Reduce  lOOl.  Irish  to  Canada, 

, 

&c. 

£.120  Answer. 

$9)100(2 

2.  To  New -Tor k  and  North-Car^ 

.      78 

ollna  currency. 

— 

Rule.  Multiply  the  Canada,  &c. 

22 

sum  by  8,  and  divide  the  produft 

20 

by  5. 

Reduce  /,  •  100  Canada,  &c.  t« 

39)440(11 

New  York,  &c. 

39 

100 

100 

50 
39     £, 

+  2   11 

3A 

8 

,102   11 

3j^  An?. 

5)800 

11 

£  160  Answer. 

12 

3.   To  New- Jersey^  Pennsylvania, 

Deianvare  and  Maryland  currency. 

39)132(3 

Rule.  To  the  Canada,  &c.  sum 

117 

add  one  half. 

15     5 

39    13 

7.  To  Lhres  Tournois, 
Rule.  Multiply  the  Irish  sum, 
in  pence,  by  70  ;  divide  thatprod- 
ufl  by  39,  and  the  quotient  will 
be  sous,  which,  divided  by  20, 
will  be  livres. 

Reduce  j^.  100  Irish  to  Livres 
T(  urnois. 

l00X20Xl2=24000d. 
70 

2  0 

S9)1680000(4307|6 

sou. 

Ans  Livres.  2153  ieJ4 
ld.=l4^sous  1s=21y^  sous. 
1;C.=21   hv.   lOifsous. 

VIII,  To  reduce  Canada  and  Nova" 
Scoria  currency. 

1.  To  New-Hampshire y  Massachu- 
setts., Rhode-Islandy  ConneBicut  and 
Virginia  curr.  ncy. 

Rule.  To  ihe  Canada,  &c.  sum 
add  one  lit'th. 

Reduce  £  1 00  Canada,  &c.  t© 
New-riAnip  shire,  &c. 


Reduce  ;^  - 1 00  Canada,  &c.  to 
New-Jersey,  &c. 
2)W)0 
+   50 

;f.l50  Answer. 

4.  To  South-Carolina  and  Georgia 
currency. 

Rule.  From  the  Canada,  &c. 
sum  deduft  one  fifteenth. 

Reduce  lOOl  Canada,  &c.  to 
South-Carolina,  &c. 

15=3X5)100 

3)20 
—  6   13  4 

£.93     6  8  Answer. 

6.  To  English  Money. 
Rule.     From  the  Canada,  &c. 
dedud  one  tenth 

Reduce  lOOl.  Canada,  &c.   f 
English  money. 
10;  100 
—   10 


£.9Q  Answer. 


6.     T§ 
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6.  To  Irish  Money. 
Rule.     From  the  Canada,  &c. 
dedud  one  fortieth 

Reduce    lOOl.   Canada,  &c.  to 
Irish  money 

40J100 
—   2^10 


JT  Ql   10  Answer. 
T.  To  Livres  Tournois. 
R^ie.  Multiply  the  Canada,  &c. 
founds  by   21,    and   the  produd 
will  be  livres. 

Reduce    lOOl.   Canada,  &c.  to 
livres  Tournois. 
100 


7x3=21 


700 
3 


Id.: 


fSOUS. 

ls.=21sous. 

• ll.=2Ilivres. 

Ans.   2100 

8.  To  Spanish  Milled  Dollars. 

Rule.  Reduce  the  Canada,  &c. 
sum  to  shiUings  :  Divide  them  by 
5,  and  the  quotient  is  dollars.  Or, 
Multiply  the  pounds  by  4,  and 
the  produdt  is  dollars  :  /\nd 
if  there  be  shillings  turn  them  into 
dollars,  and  add  them  to  the  prod- 

ua 

Reduce  lOOl.  Canada,  &c.  to 
dollars. 


100 
20 


155   15 


5)2000 


620 

4-  3=15s. 

Doll  400  Ans 

Doll.   623   \ns. 
IX    To  reduce  Livres  Tournois, 
I.  To    Ntw  Hampshire y    Massa- 
chusettsy     Rhodc-Islimdy     Conneciicut 
and  Virginia  currency. 

Rule.  Multiply  the  livres  by  2  : 
Divide  the  produdt  by  35,  and  the 
quotient  will  be  pounds.  Or, 
Multiply  the  livres  by  8  :  Divide 
the  product  by  7,  and  the  quo- 
tient will  be  shillings. 


Reduce    1750  livres  to  New- 
Hampshire,  &c.  currency. 
1750  Or,      1750 

2  8 

£'  

35)3500(100  Ans.  7)14000 

35 


2|0  200!0 


00 


£  lOOasbef. 
2.  To  Nenv-Tork  and  North-Car" 
ol'ma  currency. 

Rule.  Multiply   the  livres   by 
32  :   Divide   the   produd  by   21, 
and  the  quotient  will  be  shillings. 
Reduce  1312^  livres  to    Ne\v- 
York,  &c.  currency. 
13125 
3  2 


26250' 
39375 


210 

21)42000;  20010 

£  100  Answer. 
3.  To  New-Jersey,  Pennsylvania, 
Delcknvare  and  Maryland  currency. 

Rule  Divide  the  livres  by  14, 
and  the  quotient  will  be  pounds. 
Or,  multiply  the  livres  by  10: 
Divide  the  produd  by  7,  and  the 
quotient  will  be  shillings. 

Reduce    1400    livres   to  New- 
Jersey,  &c.  currency. 
1400 
10 

Or, 

7)14000  14)I400(;f.l00. 
14 


20)200|0 


00 


;f.lOO  Ans. 
4.  To  South-Carolina  and  Georgia 
currency. 

Rule. — Multiply  the  livres  by 
2,  divide  the  produd  by  45,  and 
the  quotient  will  be  pounds.  Or, 
dcdu<5l  one  ninth,  and  the  remain- 
der will  be  shillings. 

Reduce 
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Reduce  2250  llvres  to  South- 
Carolina,  &c.  currency. 

2250  Or, 

2  9  2250 

£.  -  250 

45)4500(100  Ans.        

45  2|0)200  0 

00  £, 100  as  bef. 

5.  To  English  Money. 

Rule. — Multiply  the  livres  by 
6  :  Divide  the  product  by  7,  and 
the  quotient  is  shillings  :  Or,  de- 
duifl  one  seventh  from  the  llvres, 
and  the  remainder  u^ill  be  shil- 
lings. 

Reduce  2333§- livres  to  English 
money. 


2333^ 


6 


T)14000 
210)200.0 


Or, 

7}2333|- 
—  333§- 

2|0)20010 

iC.IOO  asbef. 


Ans.^f.lOO  

6.  To  Irish  Money, 

Rule. — Reduce  the  livres  to 
sous,  then  multiply  them  by  39  : 
divide  this  produft  by  70,  and  the 
qu" -ient  will  be  pence. 

Reduce  2153  liv.  lej^so.  to 
Irish  money.    20 


4307611 


39 


387720 
129228 


710)16800010 
12)24000 
2l0)200l0 

£A00   Answer. 

7.  To  Spanish  milled  DolUrSt  or 
to  Federal  Dollars. 

Rule.— Multiply  the  livres  by 
4  I  Divide  the  produft  by  21,  and 


the  quotient  will  be   Spanish,   or 
Federal  Dollars. 

Reduce  1000  livres  to  dollars. 

1000  Or,  1000 

4  4 

21)4000(190  ^g;^-21)4000(190  J  ^'J; 
21  21 


190 

189  Dollars. 


190to 


190 
189 


21)100(4  7   6JL 


10  10 

6  10 

—  8.  d.    q.  c 

21)60(2  10  1 

X.  To  reduce  Spanish  milled  Dollars. 

1.  To'  New-Hampshire^  Mass  a- 
chusettu  Rhodc-Islandy  Conne^tcui  and 
Virginia  currency. 

Rule. —  Multiply  the  Dollars  by 
3,  and  double  the  right  hand  fig- 
ure of  the  produd,  for    shillings  ; 
the  left  hand  figures  are  pounds. 
Reduce  529   dollars  to    New- 
Hampshire,  &c. 
529 
3 

£.158    14  Answer. 

2.  To  Netv-Tork  and  North-Car" 
olina  currency. 

Rule. — Multiply  the  number  of 
dollars  by  4  :  Double  the  right 
hand  figure  of  the  produ^V  for 
shillings,  and  the  left  hand  figures 
are  pounds. 

Reduce  529  dollars  to  New- 
York,  &c. 

529 
4 

£2\l    12  Answer. 

3.  To  New-Jersey^  'Pennsylvania^ 
Delaware  and  Maryland  currency. 

Rule. —Multiply  the  number 
of  dollars  by  3,  and  divide  by  8. 

Reduce  529  dollars  to  New-Jer- 
sey, &c, 

52^ 


L 
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529 
3 

8)1587(198  7  6  Answer. 
8 

—  Or, 

7a~  8)1587 

72  


67 
64. 


;f-198|  Ans. 


4-.  To  South-Carolina  and  Georgia 
currency. 

Rule. — Multiply  the  number  of 
dollars  by  7,  and  divide  by  30. 

Reduce  529  dollars  to  South- 
Carolina,  &c. 

529 
7 

8|0)370|3 

;£*.1234-^  Answer. 

*5.  7'o  English  Money^  at  4'S.  6d. 
^^r  dollar, 

*  Note,  that  in  England  dollars  are 
Bullion,  that  is,  they  are  bought  and  fold 
by  weight,  and  their  value  varies  as  oth- 
er articles  of  merchandize. 


-Rule,- -Multiply  the  dollars  by 
9,  and  divide  by  40. 

Reduce  529  dollars  to  English 
money.  529 

9 

4jO)4.76|I 

/.119^V  Answer. 

6.  To    Canada  4ind  No^oa-S^otta 
cuJ-rency. 

Rule. — Divide  the  dollars  by  4. 
Reduce  529  dollars  to  Canada, 
&c.  4)529 

£.\Z2\  Answer. 

7.  To  Litres  Tournois. 
Rule.— Multiply  the  dollars  by 

5 J,  and  the  produd:  will  be  livres- 
Or,  multiply  them  by  21  :  divide 
by  4,  and  the  quotient  will  be  li- 
vres. 

Reduce  100  Spanish  dollars  t» 


livres. 


100 


500 
100X^=25 


Or, 

100 

21 

4)2100 


Ans.  525  livres.   525  asbef. 


r  I   Cent     =   l.V  Sous.      T 

Note.-!  1    Dime  =   10^  Sous.       V 

C.  1   Dollar  =     5{  Livres.  J 


'Sterling, 
New-Hamp.  &c. 

c 

'1718f      " 
1289 

en     •* 

New- York,  &c. 

►  "^  . 

966} 

>.2  2 

New-Jerfey,&c. 

§ 

lOSU 

£  Si 
0^ 

South-CaroL&c._ 

u 

1657-366^ 

1858 
1393^ 
1045 
1114} 
L1791-819 


CO 


The    jpropor 
tion     of       alloy 
being  ^,j. 
fine  fi'lvcir. 


of  the 


The     ^Dollar  7 

:le  I 


Federal  lEagh 


contains 


375-64   7  Grains  C  Silver 7  409-78    grs.'of  Standnif 
246-268  J  of  fine  iGold  J  268-659  grsj  )fStand.goia' 


The  alloy  being  yj-of  the  fine 


{^ 


Ivcr. IThc   Subdivisions  are  wi 
Gold.  J      the  same  proportion. 


DUODECIMALS, 


DUODECIMALS. 

DUODECIMALS, 

OR  CROSS  MULTIPLICATION, 

IS  a  Rule,  made  use  of  by  workmen  and  artificers  in  casting  up' 
the  contents  of  their  works. 

Dimensions  are  generally  taken  in  feet,  inches  and  parts 
Inches  and  parts  are  sometimes  called  primes,  seconds,  thirds,  &:c. 
and  are  marked   thus;  inches  or   primes  (')  seconds  ("),  thirds  ('"), 
fourths  (""),  Sec. 

This  method  of  multiplying  is  not  confined  to  tivehes  ;  but  may  be 
greatly  extended  :  For  any  number,  whetlier  its  inferiour  denomina- 
tions decrease  from  the  integer  in  the  same  ratio,  or  not,  may  be  mul- 
tiplied crosswise  ;  and,  for  the  better  understanding  of  it,  the  learner 
Ipust  observe,  that  if  he  multiplies  any  denomination  by  an  integer, 
tjie  value  of  an  unit  in  the  produd  will  be  equal  to  the  value  of  an  u- 
ii(it  in  the  multiplicand  ;  but  if  he  multiplies  by  any  number  of  an  in- 
feriour denomination,  the  value  of  an  unit  in  the  produ(5l  will  be  so 
much  inferiour  to  the  value  of  an  unit  in  the  multiplicand  as  an  unit 
in  the  multiplier  is  less  than  an  integer. 

I  Thus,  pounds,  multiplied  by  pounds,  are  pounds  ;  pounds,  multi- 
pllied  by  shillings,  are  shillings,  &c.  shillings,  multiplied  by  shillings 
are  twentieths  of  a  shilling  ;  shillings,  multiplied  by  pence,  are  twen- 
tieths of  a  penny  ;  pence,  multiplied  by  pence,  are  240ths  of  a  pen- 
njy,  &c. 

Rule. 

1.  Under  the  multiplicand  write  the  corresponding  denominations 
ol'the  multiplier. 

2.  Multiply  each  term  in  the  multiplicand,  beginning  at  the  lowest, 
by  the  highest  denomination  in  the  multiplier,  and  write  the  result 
of  each  under  its  rcspe<5live  term,  observing",  in  duodecimals,  to  carry 
an  unit  for  every  12  from  each  lower  denomination  to  its  next  supe- 
riour,  and  for  other  numbers  accordingly. 

3.  In  the  same  manner  multiply  all  the  multiplicand  by  the  primes 
or  second  denomination  in  the  multiplier,  and  set  the  result  of  each 
term  one  place  removed  to  the  right  hand  of  those  in  the  multipli- 
cand. 

4.  Do  the  same  with  the  seconds  in  the  multiplier,  setting  the  re- 
sult of  each  tjerm  two  places  to  the  right  hand  of  those  in  the  multi- 
plicand.        \ 

5.  Proceedl  in  like  manner  with  all  the  rest  of  the  denominations, 
and  tlieir  sumj  will  be  the  answer  required. 

ExAMPLE^f- 


DUODECIMALS  III 


Examples. 

i.  Multiply 
F.    ' 
2     6 
2     6 

5     0 
1      3     0 

2i  feet 

by  2t  feet.                      Or  thus. 
2-5 
Or  thus.                        2-5 

2i                             

2i                            125 
50 

5                               

1;*:                 Ans.   6.25  square  feet. 

Ans.  61  square  feet  =  6ft.  36in. 

So  that  the  3  is  not  3  inches,   bift 
36  inches,  or  -^  of  a  square  foot. 

ns.6     S 

2.  Multiply 
F.     ' 
9     8 
7     9 

9f, 

6 
3 

.8' 6 

6'" 

1 

)"  by  7f.  9'  3" 

67  11 

7     3 
2 

6 
4 
5 

=  Produ6l  by  the  feet  in  the  multiplier. 
=  ditto  by  the  primes. 
6""  =  ditto  by  the  seconds. 

75    5 

3 

7 

6  Answer. 

3.  How  many  square  feet  in  a  board  17  feet  7  Inches  long,  and  1 
foot  5  inches  wide  ?  Ans.  24ft.  10'  IV 

4.  How  many  cubick  feet  in  a  stick  of  timber  12  feet  10  inches 
long,  1  foot  7  inches  wide,  and  I  foot  9  inches  thick  ? 

Ans.  35ft.  6'  8''  6'" 

5.  How  many  cubick  feet  of  wood  in  a  load  6  feet  7  inches  long, 
3  feet  5  inches  high,  and  3  feet  8  inches  wide  ?       Ans.  82ft.  5'  8"  4'" 

6.  There  is  a  house  with  4  tiers  of  windows,  and  4  windows  in  a 
tier  ;  the  height  of  the  first  tier  is  6ft.  8'  ;  of  the  second,  5tt.  9'  ;  of  the 
third,  4ft.  6'  ;  and  of  the  fourth,  3ft.  ICX  ;  and  the  breadth  of  each  is 
3ft.  5'  ;  how  many  square  feet  do  they  contain  in  the  whole  ? 

Ans.  283ft.  T 
The  two  following  questions  are  Sexcessimals. 

7.  If  2  places  diiOfer  in  longitude  2'^  12'  j  what  is  their  difference  of 
time  ? 

Mult.  2°   12'  00"  00'" 

by  3'  59"  20"'  the  time  In  which  the  sun  passes  through  1® 

8'  46"  32"'  Answer. 

8.  Two  places  differ  in  longitude  31°  27'  30"  ;  What  Is  the  differ- 
ence, in  time,  of  the  sun's  coming  to  the  meridian  of  those  places,  the 
sun  passing  til  rough  15^  in  an  hour  ? 

Sl'^  37'  30" 

4'  00"  In  4'  of  a  solar  day,  or  day  of  24  hours,  Uie  sun  passes  V 

fi'>'    a'  130"  00'"  Answer. 

0.  Multiply 
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n 


9.  Multiply  ;^.3  6  Sby^^.S  5  7. 

£'    s.    d. 

3     6     8 

2     5     7 

10.   A,  B  and  C  bought  a  drove  of 

^3x/2=^6     =600  sheep  in  company  ;  A  paid  £Ai  5s. 

6s.x^.2=12s.    =  0  J2     0  B,/:.13  10s.  and  C,  £.11  5s.     They 

Sd.Xi.2=i6d.  =  014  agreed  to  dispose  of  them  at  the  mar- 

j{,3x5s.  =15s.    =  0  15     0  kec  ;  that  each  man  should  take   I8s. 

iis.  X5s.  =^-oS.    =016  as  pay  for  his  time,  &c.  and  that   the 

8d.X5s.  =-J-od.   =002  remainder  sh')uld  be    divided   in  pro- 

/,Sx7d.=2Jd.  =  019  proportion    to    their   several  stocks  : 

Gs.  x7d.=^;:d.  =  00     2j-'^  At  the  close  of  the  sale,    they  found 

8d.X7d.=2-'^''od.=  0     0     0^'jj  themselves  possessed  of  j^'.  .4-6  5s.  what 

was  each  man's  gain,  exclusive  of  the 

Ans.  7   11      llj  pay  for  his  time,  Sec.  ? 


£.14  54-;C.13  10  +  ^.11  5  =  ;C.39,  and  £.46  5—£.S9=£-7r>,and 
£.7  5 — 18s.x3=^'.4  lis.  whole  gain,  and/'.4  11-t-39=2s.  4d.  gain  in 
the  pound. 

/'14  5  0        ;^.13  10  0        ;^.ll   5  0 

X    2  4  X      2  4  X    2  4  /;.  s.  d. 

3  3 


18  6  17  0  12  6  Proof.  ^  1   11  6 

4  9  46  39  (.163 


fl  IS 
]l  11 
(.1     t 


A.   £A    13  3     B.,r.  1   11  6     C.;^.  1  6  3  ^^.4  11  0 


SINGLE  RULE  OF  THREE  DIRECT. 

THE  Rule  of  Three  Dire«5l  teacheth,  by  having  three  numbers 
given,  to  find  a  fourth,  that  shall  have  the  same  proportion  to  the 
third,  as  the  second  hath  to  the  firsi. 

If  more  require  more^  or  less  require  less^  the  question  belongs  to  the 
Rule  of  Three  Direa. 

But  if  OTor^  require  less  or  less  require  m.re^  it  belongs  to  the  Rule  of 
Three  Inverse.*  ^ 

Rule. 

*  More  requiring  mcre^  is  when  the  third  term  is  greater  than  the  firft,  and  re- 
quires the  fourth  term  to  be  greater  than  the  fecond.  And  hfs  requiring  lefs,  is 
when  the  third  term  is  lefs  than  the  firft,  and  requires  the  fourth  term  to  be'lefs 
thjui  the  fecond. 

Alfo,  more  requiring  Ufs,  is  when  the  third  term  is  greater  than  the  firft,  and  re- 
quires the  fourth  term  Lo  be  lefs  tlian  the  fecond.  And  lefs  requiring  wore,  is  when 
the  third  term  is  lefs  than  the  firfl,  and  requires  the  fourth  term  to  be  greater  than 
the  fecond. 
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Rule.* 

1 .  State  the  question  by  making  that  number,  which  asksf  the 
question,  the  third  term,  or  putting  it  in  the  third  place  ;  that,  which 
is  of  the  same  name  or  quality  as  the  demand>  the  first  term  ;  and 
that,  wnlch  is  of  the  same  name  or  quality  with  the  answer  required, 
the  second  term. 

2.  Multiply  the  second  and  third  numbers  together  ;  divide  the 
product  by  ihe  first,  and  the  quotient  will  be  the  answer  to  the  ques- 
tion, which  (as  also  the  remainder)  will  be  in  the  same  denomination 
you  loft  the  second  term  in,  and  which  may  be  brought  into  any  otl> 
er  denomination  required. 

Two,  or  more  scaiings  are  sometimes  necessary,  which  may  always 
be  known  from  the  nature  of  the  question. 

The  method  of  proof  is  by  inverting  the  question. 

But, 

*  This  Rule,  on  account  of  its  great  and  eitenfive  ufcfulnei,  i«  fometimes  called 
the  Golden  Rule  of  Proportion  :  For,  on  a  proper  application  of  it  and  the  preceding 
rules,  the  whole  burmefs  of  Arithmetick,  as  well  as  every  mathematical  inquiry  de- 
pends. The  rule  irfelf  is  founded  on  tltis  obvious  principle,  that  the  magnitude  or 
quantity  of  any  elFeift  varies  conftantly  in  proportion  to  thfe  varying  part  of  the 
caufe  :  Thus,  the  quantity  of  goods  bought,  is  in  proportion  to  the  money  laid 
out ;  the  ipace,  gone  over  by  an  uniform  motion,  is  in  proportion  to  the  time,  &c. 

As  the  idea,  annexed  to  the  term,  proportion,  is  eahly  conceived",  the  truth  of  the 
rule,  as  applied  to  ordinary  inquiries,  may  be  made  evident  by  attending  to  prin- 
ciples, already  explained. 

It  has  been  fliewn,  in  Multiplication  of  Money,  that  the  price  of  one,  multiplied 
by  the  quantity,  is  the  price  of  the  whole  ;  and  in  Divifion,  that  the  price  of  the: 
whole,  divided  by  the  quantity,  is  the  price  ot  one  :  Now,  in  all  cafes  of  valuing 
goods,  &.€.  where  one  is  the  iirft  terra  of  the  proportion,  it  is  plain  that  the  anfwer 
found  by  this  rule,  will  be  the  fame  as  that,  found  by  Multiplication  of  Money  ; 
and,  where  one  is  the  laft  term  of  the  proportion,  it  will  be  the  fame  a$  that  found 
by  bivifion  of  Money. 

In  like  manner,  if  the  firfl  term  be  any  number  whatever,  it  is  plain,  that  the 
produdl  of  the  fccond  and  third  terms  will  be  greater  than  the  true  anfwer,  re- 
quired, by  as  much  as  the  price  in  the  fecond  term  exceeds  the  price  of  one,  or  as 
the  firfl  term  exceeds  an  unit ;  confequently,  this  product,  divlded'by  the  firft 
term,  will  give  the  true  anfwer  required. 

DireA  and  Inverfe  proportion  are  properly  only  parts  of  the  fame  general  rule; 
but  1  have  preferved  the  commozi  difiindtion,  and  given  fome  looCe  delinitiotts, 
winch,  to  young  perfons  in  general,  are  more  intelligible. 

Note  1.  When  it  can  be  done,  multiply  and  divide  as  in  Compound  Multiplica- 
tion, and  Compound  Divifion. 

2.  If  the  firll  term,  and  either  the  fecond  or  third  can  be  divided  by  any  number 
without  a  remainder,  let  them  be  divided  and  the  quotient  uftd  inftead  of  them. 

The  following  methods  of  operation,  when  they  can  be  ufed,  perform  the  work 
in  a  mucli  {lr)rter  manner  than  the  general  rule. 

1.  Divide  the  fecond  term  by  the  firll :  Multiply  the  quotient  into  the  third,  and 
the  produt^  will  be  the  anfwer. 

2.  Divide  the  tliird  term  by  the  firft ;  multiply  the  quotient  iuto  tlie  fecond,  and 
the  product  will  be  the  anfwer. 

3.  Divide  the  firft  term  by  the  fecond,  and  the  third  by  that  quotient,  iuid  the 
laft  quotient  will  be  the  anfwer. 

4.  Divide  the  firft  term  i>y  the  third,  and  the  fecond  by  that  quotient,  and  the 
laft  quotient  will  be  the  anfwer. 

f  Note.    I'he  term  which  alks  or  moven  the  quefbon,  has  general' v  fome  word* 
like  thefe  before  it,  viz.  What  will  ?  Wliat  coll  ?  How  many  .'  H«w  Xm  ?  H#w 
leog  i  or,  How  much  ?  &c. 
P 
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But,  that  I  may  make  the  method  of  working  this  excellent  Rule  as 
intelligible  as  possible  to  the  learner,  I  shall  divide  it  into  the  several 
eases  following : 

1.  The  fourth  number  is  always  found  in  the  same  name  in  which 
the  second  is  given,  or  reduced  to  ;  which, if  it  be  not  the  highest 
denomination  of  its    kind,  reduce  to  the  highest  when  it  can  be  done. 

2.  When  the  second  number  isof  divers  denominations,  bring  itto  the 
lowest  mentioned,  and  the  fourth  will  be  found  in  the  same  name 
to  which  the  second  is  reduced,  which  reduce  back  to  the  highest 
possible. 

3.  If  the  first  and  third  be  of  different  names,  or  one  or  both  of 
divers  denominations,  reduce  them  both  to  the  lowest  denomination 
mentioned  in  either. 

4.  When  the  produft  of  the  second  and  third  is  divided  by  the 
first  ;  if  there  be  a  remainder  after  the  division,  and  the  quotient  be 
not  the  least  denomination  of  its  kind  ;  then  multiply  the  remainder 
by  that  number,  which  one  of  the  same  denomination  with  the  quo- 
tient contains  of  the  next  less,  and  divide  this  produdl  again  by  the 
first  number  ;  and  thus  proceed  till  the  least  denomination  be  found, 
or  till  nothing  remain. 

5.  If  the  first  number  be  greater  than  the  produ(^  of  the  sec- 
ond and  third  ;  then  bring    the   second    to  a  lower  denomination. 

6.  When  any  number  of  barrels,  bales,  or  other  packages  or  pieces 
are  given,  each  containing  an  equal  quantity,  let  the  content  of  one 
be  reduced  to  the  lowest  name,  and  then  multiplied  by  the  givem 
number  of  packages  or  pieces. 

7.  If  the  given  barrels,  bales,  pieces,  &c.  be  of  unequal  contents, 
(as  it  most  generally  happens)  put  the  separate  content  of  each  prop- 
erly under  one  another,  then  add  them  together,  and  you  will  have 
the  whole  quantity. 

Examples. 
1.  If  61b.  of  sugar  cost  ffls^      1   ^j^^^  ^,.„       ;      ^^^^  ^^ 
same  rate  i  I D.  1  50c.  J 

lb.       s.      lb. 
As  6  :  9  ::  30  :  the  Answer. 
9 

Here  the  first  clause  (if  61b.  of  6)270 

sugar  cost  9s.    orD.l  50c.)  sup-  

poses  the  rate  ;   then  follows  the  45s.— £.2  5s.  Ans. 

question  :  What  will  3 Olb.  cost  ?  — 

30lb,  which   moves  the   ques-  lb.    D.  c.     lb.                           S 

tion,  is  the    3d  term.     6lb.   the  As  6  :  I   50  ::  30  :  the  Answer, 

same  kind,    is  the   1st,  and  9s.  30 


(orD.l  50c.)  the  2d. 


0)4500 


D.r-50  Ans. 
Again,  By  inverting  the  order  of  the  question,  it  will  be, 

^.  Ir 
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^-  ^^{D.^iocl  ^"^  6lb.  of  sugar,  how  much  will  I  ^'^  ^^^^  X 

buy  at  that  rate  ? 

s.  lb.       s.  D.  c.     lb.     D.  c. 

As  9  :  6  :  :  45  :  the  Ans.  As  1    50  :  6  :  :  7  50  :  the  Ans. 
6  6 


9)270  l-5)45'00(30lb.  Ans. 

45 

30lb.  answer.  

Again,  3.  If  30lb.  of  sugar, be  worth  j  ^  *>,  ^q^.  f  ^ow  much  may 

Ibuyfor{j)j^^^-Q^J  • 

s.  Pb.   s.  D.  c.   lb.  D.  c. 

As  45  :  30  : :  9  :  the  Ans.      As  7-50  :  30  :  :  1-50  :  the  Ans. 
9  30 

45)27.0(6lb.  the  Ans.  7-5)45-00(6lb.  Ans. 

270  45  0 

Again,  4.  Suppose  \^l  ^q'  \  will  buy  30lb.  of  sugar  :    What 

will  6lb.  of  the  same  sugiir  cost  ? 

lb.     s.      lb.  lb.    "t).  c.     lb. 

As  30  :  45  :  :  6  :  the  Ans.  As  30  ;  7*50  ;  fc6  :  the  Answer. 
6  6 

•. .  § 

3|0)27i0  3|0)45-0|0 

9s.  Ans.  D.l-50c.A«s. 

N.  B.  The  three  last  questions  are  only  the  first  varies!,  being  put 
merely  to  show  how  any  question,  in  this  Rule,  may  be  inverted. 

5  If5yds.clothcost-J    '^^  ^'  I  what  will  20yds.  ditto  come  to? 

yds.   s.      yds. 
As  5;  30::  20 
30  ~5  =    6 

2|0)12|0s.=»^.6  Aas. 
Here  I  divide  the  2d  term  by  the  1st,  and  multiply  the  quotieat  in- 
to the  3d  for  tlie  answer. 

yds.  s.     yds. 
Again,  6.  As  5  :  30  ::  20 

20-J-5  =  4 

120s.  =>  f  .6 
Here  I  divide  the  3d  term  by  tlie  1st,  and  multiply  the  quotient 
into  the  2d,  for  the  answer. 

These 
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These  operations  would  be,  |)erhaps,  still  more  apparent,  If  perfoim- 
td  in  Federal  money.     Thus  : 

yds.  T>.  yds.                            yds.  D.     yds. 
As  5  :  5  : :  20                        As     5  :  5  :  ;  20 
S-r-S^i     1                         20-f-5=4 
1^  ^.^  

TV^O  Ans.  D.20  Ans. 

J,  If  20  yds.  cost  D.120,  how  many  yards  may  1  have  for  D.30  I 
D.     yds      D. 
As  120  :   20 :: 30 
120-f-20=6  quot.  &  30-^6=5  yards,  Answer. 

Here  I  divide  the  1st  term  by  the  2d,  and  then,  the   3d  term  by 
the  quotient  for  the  answer. 

D.    yds.    D. 
Again,  S.  As  120 :  20  ::  30 
120-?- 30=4  quot.     and,  20-i-4=5  yards,  Ans. 

Here  I  divide  the  1st  term  by  the  3d,  and  then,   the    2d  term   by 
that  quotient  for  the  answer. 

9.  If  Icwt.  of  tobacco  cost^f  .5  12  9\  ;  what  will  8cwt.  ditto  cost  ?• 
cwt.  f.  3,  d.     cwt. 
As  1  :  5   12  9i  ::  8 
8 


An^.  £.45     2  4 
Here  there  is  no  need  of  reducing  the  middle  term,  because  it  can 
be  performed  by  <Simpound  multiplication,  the   first  term  being  air 
unit.  ^ 

10.  If  8cwt  of  tobacco  cost  £A5  2  4  ;  what  Is  that  per  cwt.*? 
£.     8.    d. 
8)45     2    4 


Ans.         5  12     9i 


Here  there  Is  no  need  of  reducing  the  middle  term,  because  it  may 
be  performed  by  compound  division  only,  the  3d  term  being  an  unit 

11.  If  9cwt.  Sqrs.  sugar  cost  J  j^^^J  ^j^^*  ^^  ?  what  will  2cwt. 

Iqr.  lib.  cost?  £.    s.  d.  2C.  Iqr.  lib. 

4  27  17  6  4 

*-.  20  — 

89  9 

28  557  28 

12  -^ 

S12  73 

78  6690  19 

1093  ^3 

lbs. 
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lb.         d.         lb. 
As  1092  ;  6690  ::  263  :  the  answer. 
263 


1092)17594.70(1611 

1092         

2|0)13|4<  3d. 

6674-     £.6  14's.  3d.  Answer..: 
G552 

1227 

1092 

ISfrO 
1092 

258 

4 

1092)1032)0qr. 
Note  1.  If  you  look  at  the  stating,  you  will  see  tliat  the  first  and 
third  terms  are  of  the  same  kind,  but  of  different  denominations,  and 
therefore  are  reduced  to  the  same  name  or  denomination,  and  that  the 
demand  of  the  question  lies  on  the  3d  term. 

2.  That  the  middle  term,  being  given   in   pounds,  shillings  aad 
pence,  is  reduced  to  pence.     But, 

3.  If  the  second  term  were  in  federal  money,  it  would  be  sufficient 
to  proceed  according  to  decimals.     Thus  : 

lb.    D.  c.  m.      lb.  ^ 

As  1092  :  92-917  ::  263  :  the  Ans. 
263 
278751 
557502 
185834 


K 


•D.  cm. 


1092)24437-171(22-37^,  Ans. 
2184 


12.   If 
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12.  If  57yds.  cost  5^^L|  "'''"  ^^i"  ^^^f'  <^°"  «  t'^'^'  ■■"«-■ 
•^  ^JJ.2303  yds.     ^.     yds. 

As  57  :  69  ::  9 

9 

57)621(10;^.  Ans. 
r>7 

51 
20 


57)1020(17s. 

57 

450 
399 

51 
12 

S7)612(10d. 

57 

42 
4 

57)168(2|4qrs. 
114 
Here,  all  the  terms  being  v^hole  numbers,  there  is  no  need  of  reduc- 
ing the  middle  one  until  after  stating. 

The  same  in  Federal  money  would  stand  thus  : 
yds.     D.    yds. 
As  57  :  230  ::  9  :  the  answer. 
9 


57)2070(36  D, 
171 

.  31c. 

5i^m. 

Ans. 

360 

342 
180 
171 

90 
57 

330 

285 

45 

15 

5T 

19 

18.  If 
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13.  If  my  income  be  109  guineas  per  annum,  I  desire  to  know 
what  I  may  spend  per  day,  so   that  I  may  lay  up  45l.  at  the  year's 

end  ? 

Ans.  ^.0  5   lOj  ^  per  day. 
Note  I.  You  must  subtradl  451.  from    the  value  of   109   gumeas. 
2.  There  being  365  days  in   a  year,  your    question  must  next  be 
stated  thus  : 

D.      Guin.       £,     D.     s.     d  qr. 
As  365  :   109  — 45  ::   1   :  5   10  33-^  the  Ans. 

14.  If  my  salary  be  431.  12s.  5d.  per  annum,  what  does  it  amount 
to  per  week  I 

At\s.  £q    16s.  9]-Jd. 

The  Stating.  C     Note.   As    there    are  52  weeks 

W.    £.     s.    d-     W.  J  and  1  day  in  a  year,  you  will  get 

As  52  :  43   12  5  ::  1  :  the  Ans.  j  the  true  answer     to    the    above 

Lquestion  by  the  following  ratio. 
D.    £.     s.  d.    D. 
As  365  :  43   12  5  ::  7  :  16s.  8|-J|d. 

15.  Suppose  my  income  to  be  16s.  Sfg^d.  per  week,  what  is  it 
^r  annum  ?  Ans.  431.  13s.  7-|  ^Vt^- 

The  Stating.         D.     s.     d.  D. 

As  7  :   16  8451  ::  365  :^.43  12s.  5d.  Ans, 
Note.  1.  You  must  first  reduce  the  middle  term  to  pence. 

2.  You  must  multiply  by  365  (the  denominator  of  the  fradion) 
and  add  to  the  product  the  283  which  remains  ;  and  remember  al- 
ways to  do  so-  in  similar  cases. 

3.  You  must  divide  by  7?  the  first  term  and  the  quotient  will  be 
the  answer  in  365ths  of  a  penny,  which  (in  all  similar  cases)  must 
be  first  divided  by  the  denominator,  and  then  brought  into  pounds. 

16.  If  I  am  to  pay  Is.  7d.  per  week  for  pasturing  a  cow  ;  what 
must  I  give  per  week  for  37  cows  ? 

C.     s.  d.      C.    C    s.  d. 
As.  1   :   1   7  ::  37  :  2  18  7    Ans. 

17.  How  many  yards  of  cloth  may  be  bought  for  195dol.  75c. 
of  which  9t  yds.  cost  Udol,  2c.  ? 

Dol.  c.     yds.     Dol.  c.     yds.  qrs. 
As   11   02  :  9i  ::   195  75  :    168  3  Ans. 

18.  If  I  buy  57  yards  of  cloth  for  49  guineas ;  what  did  it  cost  per 
ell  English  ? 

yds.  guin.  yds. 
As  57  :  49  ::   !»:  :  ^.1   10s.   l^^^d.  Ans. 

19.  A  merchant,  failing  in  trade,  owes  in  all  /\S475,  and  has  in 
money  and  effe<5ls  but ^.2316  13  4:  Now,  supposin^^his  efTctfts  are 
delivered  up,  pray,  what  will  each  creditor  receive  on  the  pound  : 

/.         C'    s.  d.    £. 
As  S475  :  2316  13  4  ::  1   :  ,C0   13s.    4d.     Ans. 

20.  A  owes  B  31751.  but  B  compounds  with  liim  for  13s.  4d.  on 
the  ponnd  ;  pniy,  wliat  must  he  receive  for  his  debt  ? 

£.     s.  d.  £.  £.    s.    d. 

As  I  :   13  4  ::  3475  :  2316  13  4 

21.  If 


t    \,f   '  / 

.   .  '  V 
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2L  If  the  distance  from  Newburyport  to  York  be  31  miles  ;  I 
demand  how  many  times  a  wheel,  whose  circumference  is  \5\  feet 
x:\\\  turn  round  in  performing  the  journey  ? 

Feet.  Cir.     M.  Clr 
As  154:   1   ;:  31  :  10560   times,  Answer. 
22.  Bought  9   chests  of  tea,  each   weighing  3cwt.  2qrs.  2  J  lb.  at 
41.  9s.  per  cwt.  what  came  they  to  ? 

Cwt.    £.  s.    C.  qr.  lb.  £     s.     d. 

As   1   :  4  9  ::  3  2  21  X  9  :    147  13  8^. 
23-  What   will  37i  gross   of  buttons  come  to  at    13  cents  per 
dozen  ? 

Doz.  c.     Gross.     D.  c. 
As   1   :   13  ::  37i  :  58  50  Ans. 

24.  A  farm,  containing  125  A.  3r  27p.  is  rented  at  D.l  1  50c.  per 
acre  ;  what  is  the  yearly  rent  of  that  farm  ? 

A.     D.     c.        A.  R.  P.       D.     c.     m. 
As   1  :  11  50  ::   125    3    27  :   1447  6  5^  Ans. 

25.  If  a  ship  cost  5371.  what  are  4  of  her  worth  ? 

Eigh.     £.     Eigh.  £.     s.  d. 
As  8  ;  537  ::  3   :  201    7   6   Ans. 

26.  If  I'g-  of  a  ship  cost  1163D.  what  is  the  whole  worth  ?     .- 

Sixt.     D.       Sixt.       D.  c.  m. 
As  7-:   1163  ;:  16  :  2658  28  5  Ans. 

27.  Bought  a  cask  of  wine  at  76c.  5m.  per  gallon,  for  125  dollars  : 
How  much  did  it  contain  ; 

Ans.  163 gal.,  Iqt.  ly\pt. 

28.  What  come  the  insurance  of  537h  15s.  to  at  4-*;l.  per  cent- 
um ? 

£.    £.      £.    s.    £.    s.  d 
As   100  :  4i  ::  537  i5  ;  24  3   lli^V  Ans. 

29.  What  come  the  commissions  of  7851.  to  at  3t  guineas  per 
cent.  ? 

Ans.   381.  93  3^  -j-^-d. 

SOf*  A  merchant  bought  9  packages  of  cloth,  at  3  guineas  for  7 

yards  :  each  package  contained  8  pitrcels,  each  parcel,  1 2  pieces,  and 

each  piece,  20  yards  ;  how  many  dollars  came  the  whole  to,  and  how 

many  per  yard  ? 

Yds.  guin.  pack.     D. 
As  7  :  3  ::  9  :  31^560  Ans.  for  the  whole  cost. 
Yds.  guin.  yd.     D. 
As  7  :  3  ::   1   :    'z  Ans.  per  yard. 
31.     A  merchant  bought  49  tuns  of  wine  for  D.910  ;  freight  cost 
D.90  ;  duties   D.40  ;    cellar  D.31  67c.  ;  other  charges  D.50  and 
he  would  gain  D.185  by  tlie  bargain  j  what  must  I  give  him  for  23 
tuns  ? 

Tuns.     D.     D.    D      D.     c.     D.     D.     Tuns.     D. 
As  49  :  910  + 90-r  40-^31  67  +  50+185::  23  :  613  .33c.  Ans. 
S2.  IfD.lOOgain  D.6  in  a  year,   what  will  D. 475  gain  in  that 
time  ? 

'  Ans.  D.28  5Dc. 

33.  The 
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S3.  The  earth  being  360  degrees  in  circumference,  turns  round  on 
its  axis  in  24-  hours  ;  how  far  does  it  turn  in  one  minute,  in  the  4Sd 
parallel  of  latitude  ;  the  degree  of  longitude,  in  this  latitude,  being 
about  51  statute  miles  ? 

H.     D.       M.     M.     M. 
As  24  :  360  X^l  ::   1  :   12|  Ans. 

34.  Shipt  for  the  West  Indies  225  quintals  of  fish,  at  15s.  6d  per 
quintal  ;  ii7000  feet  of  boards,  at  8-^  dolls  per  1000  ;  1 2000  shingles,, 
at  ^  guin.  per  1000  ;  19000  hoops  at  1^  doll,  per  1000,  and  53  half 
joes  ;  and  in  return,  I  have  had  3000  galls,  of  rum,  at  Is.  3d. 
per  gallon  ;  2700  gallons  of  molasses,  at  52d.  per  gallon  ;  15001b.  of 
coffee,  at  S^d.  per  lb.  ;  and  IDCwt.  of  sugar,  at  I2s.  3d.  per  cwt. 
and  my  charges  on  the  voyage  were  37l.  12s.  pray,  did  I  gain  or 
lose,  and  how  much  by  the  voyage  ? 

Ans.  lost  1341.  9s.  9d. 

35.  If  a  staff,  4  feet  long,  cast  a  shade  (on  level  ground)  7  feet ; 
what  is  the  height  of  that  steeple,  whose  shade,  at  the  same  time, 
measures  198  feet  ? 

F.  sh.  F.  hei.  F  sh.  F.  hei. 
As  7  :  4  ::   198  :   113;  Ans. 
*36.   Suppose  a  tax  of  D.755  be  laid   on  a  town,  and  the  inven- 
tory of  all  the  estates  in  the  town  amounts  to  D.9345,  what  must  A 
pay  whose  estate  is  D.149  ? 

D.       D.       I>,      D.     c.  m. 
As  9345  :  755  ::   149  :   12  12  7  Ans. 

37.  If 

*  It  may  not  be  amiss  to  show  the  general  method  of  assessing  town  or  parish 
taxes.  First,  then,  an  inventory  of  the  value  of  all  the  estates,  both  real  and  per- 
sonal, and  the  number  oi  polls,  for  which  each  person  is  rateable,  must  be  taken 
in  separate  columns  :  The  most  concise  way  is  then  to  make  the  total  value  of 
the  inventory  the  first  term,  the  tax  to  be  assessed,  the  second,  and  D.l  the  third, 
and  the  quotient  will  show  the  value  on  the  dollar  :  2dly,  Make  a  table,  by  mul- 
tiplying the  value  on  the  dollar  by  1 ,  2,  3,  4,  &c. — 3dly,  From  the  inventory 
take  the  real  and  personal  estates  of  each  man,  and  find  them  separately  in  the 
table,  which  will  shew  you  each  man's  proportional  share  of  the  tax  for  real  and 
personal  estates. 

Note.  If  any  part  of  the  tax  is  averaged  on  the  polls,  or  otherwise,  before  ftat- 
ing  to  find  the  value  on  the  dollar,  you  must  dedutJt  the  sum  of  the  avera<ye 
tax  from  the  whole  sum  to  be  assessed  :  for  which  average,  you  must  have  a 
separate  column,  as  well  as  for  the  real  and  personal  estates. 

ExAMPtK. 

Suppose  the  General  Court  should   grant  a  tax  of  D.500000,  of  which  the  to\Tn 
©f  Newburyport  is  to  pay  D.53I2  50c.  and,  of  which  the  polls, being  1550,  are  to 
pay  D.I  '25c.  each  : — ^I'he  town's  inventory  amounts  to  D.450000,  what'  will  it  be  ' 
on  the  dollar,   and   what    is  A's  tax,   whose    estate  (as  by  the  inventory)  is  a» 
follows,  viz.real  D.137G,  personal  D.l  149,  and  he  has  3  polls.  ? 

PoL  D.  c.       Pol.        D.     c. 
First,  As  1  :   1  25  ::  1550  :  1937  50  tlie  average  part  of  the  ux  to   be  df- 
iudled  from  D.5312  50c.  and  there  will  remain  D.3375. 

D.  D.      D. 

Secondly,  A»  4S00CX) :  3375  ::  1  :  74m.  on  the  dollar. 

TABIJf. 

Q 
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37.  If  50  gallons  of  water,  in  one  hour,  fall  into  a  cistern,  containing 
230  gallons,  and  by  a  pipe  in  the  cistern  35  gallons  run  out  in  an  hour; 
in  what  time  will  it  be  filled  ? 

Gal.  gal.  h.      gal.      h. 
As  50— 35  :  1  ::  230  :  15^  Ans. 

38.  A  butcher  went  with /'.4 16,  to  buy  cattle:  Oxen,  at  ;{,'.22 
each,  cows  at  /.  .4,  steers  at  ^.3  10s.  and  calves  at  /".2  10s.  and  of 
each  a  like  number  ;  how  many  of  each  could  he  purchase  with  that 
sum?  £-^'£    ^-  £'  s.    each      £.    each. 

As  22+4+3    10+2    10    :    1    ::416:  13  Ans. 

39.  Said  Harry  to  Dick,  my  purse  and  money  are  worth  3^  guineas 
but  the  money  is  worth  eleven  times  as  much  as  the  purse  ;  pray,  how 
much  money  is  there  in  it  ? 

Guin   s.  d. 
As    12  :  1  :;  3|  :  7   7  then  jfA   lis.— 7s.  7d.=:/.4  3s.  5d.  Ans. 

40.  How  many  dozen  pair  of  gloves,  at  13groais  per  pair,  may  I 
have  for  125  dollars  ?  Gr   pr.    dol.   doz.  pr. 

As  13:  1  ::  125  :.  14  5y\  Ans. 

41.  There  is  a  cistern,  having  four  cocks, ;  the  tirst  will  empty  it 
in  ten  minutes  ;  the  second  in  20  minutes  ;  the  third  in  40,  and  the 
fourth  in  80  minutes  ;  in  what  time  will  all  four,  runnmg  together, 
empty  it  ? 


As 


Cist. 
:  1   :: 


Min.   r^  7 


Cist. 
As  lli- 


Min. 
:  60 


Cist. 
;:   1   : 


Min. 
5j  Ans. 


11^:  Cist. 


TABLE. 


42.  A 


D.    D. 

c. 

in. 

D.      D. 

c. 

m. 

D.        D. 

c. 

1  is   0 

0 

n 

20  is    0 

15 

0 

200  is    1 

50 

2  —  0 

1 

5 

30-0 

22 

3 

300  —  2 

25 

3—0 

2 

n 

40  —  0 

30 

0 

400  —  3 

00 

4-0 

3 

0 

50-0 

37 

5 

500  —  3 

75 

5-0 

3 

7| 

60  —  0 

45 

0 

600  —  4 

50 

6  —  0 

4 

5 

70-0 

52 

5 

700  —  5 

25 

7-0 

5 

2| 

80  —  0 

60 

0 

800  —  6 

00 

8-0 

6 

0 

90  —  0 

67 

5 

900  —  6 

75 

9-0 

6 

H 

100  —  0 

75 

1000—  7 

50 

10-0 

7 

5 

,  to  find  what  A's 

rate  will  hp. 

His  real  estate  being  D.1376,  1  find,  I     Real, 
by  the  table,  that  D.IOOO  is   D.7  50c.  ID.    c.    m. 
that  D.300  is  2  25         jjo    32    0 

that  D.70  is  52  5mA 

and  that  D.6  is  4  5    | 

for  his  real  estate  D.  10"32 

In  like  manner  I  find  his  tax 


Personal. 
D.   c.   m. 


8     61     7^ 


PoUs. 
D.  c.  m. 


3    75 


Total. 
D,  c.  m. 


22  68  7| 


for  personal  estate  to  be 

liis  3  p«lls,  at  p.l  25c.eachare 


|d.8  61    7i  7 
3  75  5 


+D.10  32=©.  22  68c.  7|m. 

or,  D.23  69c.  Ans, 
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42.  A  and  B  depart  from  the  same  place,  and  travel  the  same  road  ; 
but  A  goes  5  days  before  B,  at  the  rate  of  20  miles  per  day  ;  B  fol- 
lows at  tlie  rate  of  25  miles  per  day  :  In  what  tim.e  and  distance  will 
he  overtake  A  ? 

M.     M.  D.     M.    D.    D,  D.  M.     D.     M. 

As  25—20  :  1  ::  20  X  5  :  20.     And,  As  1  :  25 '::  20  :  500 

43.  If  the  earth  revolves  366  times  in  265  days,  in  what  time  does 
it  perform  one  revolution  ? 

Revol.  days.  Revol. 
As  S66  :  36^  ::  1  :  23h.   56'  S"  56'"  +  =  1  Sidereal  day.* 

44.  If  the  earth  makes  one  complete  revolution  in  23h.  56'  3"4,  in 
what  time  does  it  pass  through  one  degree  ?  Ans.  3'  55"  20"' 

45.  If  the  earth  performs  its  diurnal  revolution  in  a  solar  day,f  or 
24  hours  ;  in  what  time  does  it  move  one  degree  ?  Ans.  4' 

46.  Sold  a  oj^rgo  of  flax  seed  in  Ireland,  for;^.1795  10s.  Irish 
money  ;  what  does  that  amount  to,  in  Massachusetts  currency,  ;f  .81 
5s.  Irish  being  equal  to  ;C.lOO  Massachusetts. 

Irish.        Mass.  Irish  Mass. 

As/*.81J:.  :   /.1 00  ::  jCA79o\  :  ;C.2209  16s.   lid.- Ans. 
Or,  As  /.  .13  :  /'.1795i  ::  £.16  :  ;C.2209  16s.  1  id.  as  before,  be- 
cause £Ati  Irish  are  equal  to  ;C.16  Massachusetts. 

47.  My  correspondent  in  Maryland  purchased  a  cj^rgo  of  flour  for 
me,  for  r^A^"!  that  currency  ;  how  much  Massachu,setts  money  must 
I  remit  him,  £.'.125  Maryland  being  equal  to  ^^.100,  Massachusetts 
or  5  Mar.=4  Mass.  *  Ans.  ^'.349  12s. 

48.  A  bill  of  exchanj^e  was  accepted  at  Newburyport  for  the  pay- 
ment of  /  .345  10,  for  the  like  value  delivered  in  New  York,  at  /, .  1 33^ 
New -York  currency  for  Z',  100  Massachusetts  ditto  ;  how  much  mon- 
ey was  paid  in  New-York  ? 

Mass.     N.  Y.        Mass.  N.  Y. 

As/*.75  :-^.100  ::  /.345   10s.  :  £.460   13s.   4d.  Ans. 

49.  When  the  exchange  from  Massachusetts  to  Geoigia  is  £.83^ 
Georgia  per /.'.1 00  Massachu?;etts,  how  much  Massachusetts  money 
must  be  paid  in  Boston  to  balance  £A57  Georgia  currency  ? 

Ans.  ^'..^48  8s.  Mass. 

50.  A  merchant  delivered  at  Boston  /*.320  Massachusetts  curren- 
cy, to  receive  jf. 400  in  Philadelphia';  what  was  the  Massachusetts 
pound  valued  at  ?  Ans.  ^'1   5s.  Phil. 

51.  If  I  draw  a  bill  of  exchange  for  ;f. 537  10s.  6d.  Massachusetts, 
to  be  paid  in  Ireland,  at/.M23jV  Massachusetts,  per  £.100  Irish,  or 
16  Mass.  for  13  Irish  ;  for  how  much  Irish  money  must  1  draw  the 
bill?  ^  Ans.  ^.436   Its.  9M.   Irish. 

52.  Suppose  a  bill  Is  drawn  in  Ireland,  and  payable  in  Boston,  for 
jf.673  12s.  6d.  IrijH  ;  how  much  Massachusetts  money  comes  it  tb, 
the  exchange  at  £>Ht^  Irish,  per  ;i  .100  Massachusetts  ? 

Ans.  £:^ii9  is.  C/^d.  Mass. 
The 

*  A  Cdereal  day  is  tUe  fpace  of  time  wMch  happens  between  the  dcp.irturc  of 
a  flar  frcm,  aid  its  return  to  the  fame  meridian  ^jr-.hu 

■f  The  lb!;ir  day  is  that  fpace  of  tinte  which  '  .  rvcnes  between  thefuu'idepatt- 
iiig  Irom  any  one  meridian,  and  its  return  to  th(  latnc  again. 
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The  value  of  any  quantity  of  silver  in  any  of  the  currencies  of  the 
United  States  may  be  found  by  the  following  proportion. 

As  the  number  of  grains,  contained  in  £.1,  is  to  ^.1  ;  so  are  the 
grains,  in  any  given  quantity,  to  its  value. 

53.  What  is  the  value  of  lib.  of  silver  in  Massachusetts  currency  ; 
the  pound,  or  20  shillings,  containing  1393^  grains  ?  £.  s.  d. 

As  1393t  :  I  ::  5760  :  4  2  8. 

All  questions  in  the  Rule  of  Three,  whether  dired  or  inverse,  may 
be  solved  by  the  following  rule. 

Let  that  number,  -which  is  of  the  same  name  or  quality  as  the  num- 
ber sought,  be  the  third  term  ;  tlien,  consider  whether  the  number 
sought  should  be  more  or  less  than  the  tliird  ;  if  more,  let  the  greater 
of  the  two  other  terms  be  the  middle  term,  and  the  less  xhejlrst  ;  but  if 
the  fourth  number  ought  to  be  less  than  the  third,  then  give  ehe  less  the 
j^fom/ place,  and  xhe  greater,  the  first.  The  question  bgiiig  thus  stated, 
the  proportion  will  be  ;  as  the  first  term  is  to  the  second,  so  is  the 
third  to  the  fourth,  or  number  sought.  Euclid's  Elements  V    14. 

Note.  The  first  and  second  terms  must  always  be  brought  into 
one  name,  and  the  third  into  the  lowest  mentioned,  then  proceed  as  in 
the  common  metliod,  by  multiplying  the  second  and  third  terms  to- 
gether, and  dividing  the  produd  by  the  first,  and  the  quotient  will  be 
the  answer,  in  the  same  name  as  the  third  term  was  reduced  into. 


54.  If  ]  5  yards  of  cloth   cost 

55:  If  12  men  can  do  a  jobb 

£6,  how  many  yards  may  I  have 
for /•I25  ? 

£.     £.       yds. 
As  6  :  125  ::  15 

in  20  days  ;  in  what  time  will  IS 
mea  do  it  ? 

M.      M.       D. 
As  18  :   12  :;  20 

15 

20 

625 
125 

18)240(13^  days  Ans. 
18 

6)1875 

60 
54 

312^  yards  Ans. 

•— 

6 

56.  If  I  give  1  D.  75  c.  for  3  yards,  how  many  yards  may  I  have 
for  180  D  ? 

D.    c.     D.      yds.  yds.  qrs.     n. 
As  1  75  :  180  ::  3  :  308     2     l|Ans. 

Or  thus, 
State  the  question  in  the  usual  way,  and  let  the  second  term  keep 
its  proper,  or  natural  place  ;  then,  multiply  it  by  the  greater  or  less 
extreme,  that  is,  by  the  first  or  third  number  accordingly,  as  the 
answer  ought  to  be  _greater  or  less  ;  divide  the  produft  by  the  other 
term,  and  the  quotient  will  be  the  answer. 

RULE 


■>J. 
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RULE  OF  THREE  DIRECT  IN  VULGAR  FRACTIONS. 

Rule,* 

Having  made  the  necessary  preparations,  as  direfted  in  Multipli- 
cation and  Division  of  Vulgar  Fradions,  state  your  question  as  in 
whole  numbers,  and  invert  the  fii  st  term  of  the  proportion  ;  then 
multiply  the  three  terms  continually  together,  and  the  produd  'w^I 
be  the  answer. 

1.  If  1^  of  a  yard  cost  i  of  a.  /^.  what  will  -^-j  of  an  Ell  Eng.  cost  r 

GX'IX  1 
4  yd.=  4-  of  «  of  I  =^=  i  Ell.  Eng. 

As  i"f/ :f  ;vT?xfxA=|-gJ=A''T£-=17s.  Hd.  I  Ans. 

2.  If  i  yd.  cost  -^  D.  what  will  40j  yds.  come  to  ? 

Ans.  D.  59  6c.  S^m. 

3.  If  70  bushejs  of  corn  cost  £.\2ff  what  is  it  per  bushel  ? 

Ans.  3s.  Yyd. 

4.  If  Y3  of  a  ship  cost;^.51,  what  are  ^^  of  her  worth  ? 

Ans.  ;^'.10   1 8s  Q\d.  4. 

5.  At  D.3|  per  cwt.  what  will  Oflb.  come  to  ?      Hns.  31c.  3m. — 

6.  A  person  having  3^  of  a  vessel,  sells  |  of  his  share  for  D.I  080|  ; 
what  is  the  whole  vessel  worth  ?  Ans.  D  2026  25c. 

7.  A  merchant  sold  5\  pieces  of  cloth,  each  containing  12jyds.  at 
12^c.  per  yard  ;  what  did  the  whole  amount  to  ?  Ans.  D.8  82^c. 

8.  A  buys  of  Bj^'.560^  bank  stock,  at.  ^f  .85y  per  cent,  what 
comes  itto  ? 

Ans.  £.480  7s.  6fd. 

9.  A  merchant  makes  insurance  upon  a  vessel  and  cargo,  valued  at 
;^3750  IGs.  at  ISg  guineas  per  cent,  whatdoes  the  premium  amount 
to  ?  Ans.   8131    1 8s.  S^d. 

10.  A  merchant  in  Holland  draws  a  bill  upon  his  correspondent  in 
Boston  for  3750  ducats  atjfs.  4fd.  :  How  much  Massachusetts  cur- 
rency must  he  receive  ?    ^  Ans.    [SQ5\.  12s.  6d. 

1 1.  A  gentleman  from  Boston  being  in  England,  wheie  the  price  of 
silver  is  to  that  of  gold,  as  I  to  15|-*:j:,  exchanged  158^  lb.  of  silver  for 
gold  ;  on  his  return  to  Massachusetts,  where  the  price  of  silver  is  to 
that  of  gold,  as  I  to  15j^y,  a  friend,  wanting  his  gold,  gave  him  the 
value  thereof  in  silver  ;  what  weight  of  silver  did  he  gain  by  the  ex- 
change ? 

lb.  S.   G.     lb.  S.     lb.  G.     G.     S  G.      lb.  S. 

As  15yV  :  T-:  158^  :  10^  As  |  :  15^  ::  10^  :  1626^§  Ans.  A^%\\h, 

12.  A  merchant  bought  a  number  of  bales  of  velvet,  each  contain- 
ing 129-^4  yards,  at  the  rate  of  7  dollars  for  5  yards,  and  sold  them 
out  at  the  rate  of  II  dollars  for  7  yards  ;  and  gained  200  dollars  by 
the  bargain  ;  how  many  bales  wA-e  there  ? 

Yds. 

♦  This  rule  and  the  next,  depend  upon  the  fame  principle  as  the  Rule  of  Three 
in  whole  numbers. 
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Yds.  Dol.  Yds.  Dol. 
As  7  :  1 1   ::    5   :    7| 


Sold    5  yards  for  7^  Dollars, 
Bought  5  yds.  for  7   Dollars. 
In  5  yards  gained     ^  Dollar. 
Dol.  Yds.  Dol.       Yds.  Yds.         B.       Yds.        B. 

s^-  :    5  ::    200   :   I  lOGj,  and,  As  129!  ?-  :    I   ''   l^^Sf   :  9  Ans. 
Llthough  the  method  before  laid  down  be   universally  applicable, 
there  are  other  methods  more  ready  and  expeditious  in  some  par- 
ticular cases. 

Rule    I. 

If  the  first  and.  tliird  terms  be  fra<n:ions,  and  the  second  a  whole 
number,  reauce  the  lirst  and  third  to  one  common  denominator,  then, 
rejeding  the  denominators,  make  tlie  numerator  of  the  first,  the  first 
term,  and  the  numerator  of  the  third,  the  third  term,  and  work  as  ia 
"whole  numbers. 

If  I  yard  cost  9s.  what  cost  y'j  yard  at  that  rate  ? 

1=^1-  and  i^=iJ.     Now,  As  15  :  9s.  :;  14  :  8s.  4|d.  Ans. 

Rule   II. 

If  of  the  first  and  third  terms,  one  be  1,  and  the  other  a  fiactlon  : 

put  the  denominator  of  the  fradion  instead  of  I,  and  the  numerator 

in  the  place  of  the  fraction,  and  work  as  in  whole  numbers,  as  before. 

If  I  acre  of  land   cost  £.12,  what  what  will  -J-  of  an  acre  cost,  at 

that  rate  ? 

Den.         £.         Num.     £.     s. 
As     8     :     12     ::     5     :     7  10  Ans. 
Rule     III. 

If  the  second  term  be  a  fradion  likewise,  (that  is,  if  all  the  terms 
be  fradlions)  having  reduced  the  first  and  third  to  one  common  de- 
nominator, multiply  the  numerator  of  the  first  term  by  the  denomi- 
nator of  the  second,  for  a  divisor  ;  and  the  numerator  of  the  third  by 
the  numerator  of  the  second,  for  a  dividend  ;  divide  the  last  produd: 
by  the  first,  and  the  quotient  will  be  the  alfcwer. 

If  ~  yard  of  cloth  cost  £.^  what  cost  "f  yard  ? 

-J  =  J,  which  reduces  it  to  a  common  denominator  ;  then, 
As     4     :    I     ::     7 
4  3 

16  16)21(lx%ir-=  26s.  3d.  Ans. 

16 

5 

ICojind  the  'value  of  Gold  in  Massachusetts  currency, 

Prob.  I»  Given  the  weight  of  any  quantity  of  gold,  to  find  its 

value. 

Oz.  £,     Oz.     ;C.*  pwt.  s.     gr.     d.  2| 

Theorem  1.  As  1  :'  5\  ::  12  :  64  ::  1  :  5^  :;  1  ::  2|(Case  1.)=— 

I 

(Case  2.)=^  (Case  3.)  =  |,  Therefore, 

Rule 
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Rule  1. — If  the  given  quantity  be  in  grains  ;  say,  As  the  denom- 
inator is  to  the  number  of  grains  ;  so  is  the  numerator  to  their  value 
in  pence. 

1.   What  is  the  value  of  18  grains  of  gold  ? 

By  Case   1.  By  Case  2.  By  Case  3. 

Gr.  Gr.  Gr 

As  1  :  18  ::  2|         As  2  :  18  ::  5^         As  3  :  18  ::  S 

2|  5J-  8  s 

36  90-  3)144< 

12  6                                

~.  —  48d.=4s. 

12)48(4s.  Ans.  2)96(48d.=4s. 

Rule  2. — If  the  given  quantity  consist  of  ounces,  pennyweights 
and  grains,  halve  the  grains,  and  then  progeed  as  in  multiplication 
of  pounds,  shillings  and  pence,  making  the  numerator  in  Case  2d, 
the  multiplier. 

Oz.  pvsrt.  gr. 
1.  What  13  the  value  of  7     8     16  of  gold  ? 
Gr  gr.         oz.  pwt.  gr. 

16  -f-  2=  8,  then,  7     8     8 


H 

37 

3 

4 

2 

9 

6| 

£'oQ  12  101   Ans. 

Rule  3. — If  the  given  quantity  consist  of  pounds  only,  multiply  by 
64,  and  the  produd  will  be  the  answer  ;  but,  if  it  consist  of  pounds, 
ounces,  &c.  it  will  be  most  convenient  to  reduce  the  pounds  to  ounces 
and  proceed  by  Rule  2. 

1.  What  is  tlie  value  of  SGlb.  of  gold,  at  ^.64  per  lb.  ? 
64 


144 
216 

2. 

What 

;f  2304  Ans. 
is  the  value  of  151b.  9oz.  12pwt. 
12 

18gr.  of  gold  ? 

©z.  189 

pwt  gr.     gr. 
12    9  =  18 

~2 

948 
63 

3  9 

4  3 

o 

£1011 

6    0  Ans. 

Proi.  S. 
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Prob.  2.  To  ascertain  the  value  of  any  given  quantity  of  gold  ia 
Spanish  milled  dollars,  or  federal  money. 

Theorem  2.   Ipwt.   of  gold  =  5^s.  1  dollar  =  6s.  And, 

^  =  fl  =  J.  Therefore, 

Rule.  Reduce  the  given  quantity  of  gold  to  pennyweights  ;  then, 
as  the  denominator  is  to  the  given  quantity  ;  so  is  the  numerator  to^ 
the  answer  in  dollars.   Or, 

Divide  by  the  denominator,  and  multiply  the  quotient  by  the  nu- 
merator. Or, 

Divide  by  the  denominator  and  subtract  the  quotient  from  the  div- 
idend.     In  either  case,  you  will  have  the  answer. 

1.  What  is  the  value  of  6oz.  6pwt.  of  gold,  in  Spanish  dollars  ? 
20 


pwt.                      1 26  pwt. 
As  9  :   126  ::  8 

8                     Or, 

9)126 

9)1008                        

, 14x8=11 2  Ans. 

Ans.  112  Dolls. 

Or, 

9)126 
—14 

112 

2.     In7oz.  ISpwt.  17gr.  how  many  dollars 
oz.  pwt.  gr. 
7     13     17 
20 

? 

153il 
24 

619 

307 

3689 

Ae9     .      3689     ..     8     ..     99  5  l« 

216)29512(136  doll. 
216 

791 
648 

1432 
1296 

136 

To 
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To  find  the  value  of  this  remainder. 

1.  In  shillings,  ace.  2.  !n    Federal  money. 

13G  Annex  cyphers,  as  in   division  of 

6  decimals  ;   the  two  quotient  places 

-  next    to     dollars,  will    be  cents>   ; 

216)B16(3s.  the   thiid  mills  ;  the  others,   deci- 

648  mals  of  a  mill  ;  or  the  remainder 

with  the  divisor  will  form  a  frac« 

168  tion  of  a  mill. 

12  216)l.S60(62c.  9-i4m. 

1296 

216)201 6(9d.  

1944?  640 

432 

72  

4  2080 


1944 


216)288(1  jqr. 
216 


1  3  6_4  7 


7  Q  •_! 

Prob.  3.  To  ascertain  the  weight  of  gold  equivalent  to  any  given 
sum,  currency. 

Rule  I.  If  the  p^iven  sum  be  in  pence,  reverse  Rule  I  Theorem  I. 
that  is  ;  As  the  numerator  8  is  to  the  given  sum  in  pence  ;  so  is  the 
fllenomlnator  3  to  the  weight  required,  in  grains. 

What   weight  of  gold  is  equal  to  4s.  ? 
d.  12 


As  8  :  48  ::  3 
3 

8)144 


48 


Ans.     18  grains. 
Rule   2.  If  the  given  sum  be  in  pounds,  shillings  and  pence. 

As  I  is  equal  to  *^  ;  therefore,  divide  the  given  sum  by  8,  and 
that  quotient  by  2  ;  add  the  two  quotients  together,  double  the 
last  denomination,  and  you  will  have  the  answer. 

What  quantity  of  gold  is  equivalent  to  45l    1 3s   4d. 

oz.  pwt.  gr. 

Mark  the  pounds,  shillings  and  }      8)45     13     4 
pence,  as  oz.  pwt.  and  gr.  5        • 

2     17     IC^**"** 


8     11     S  +  3 


Oz.  8     116  Ans. 
Prob.  4.  To  find  the  value  of  gold  equivalent  to  any  given  sura  in 
Federal  money. 

R  Rule. 
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Rule.  As  the  numerator  8  is  to  the  number  of  dollars  ;'  so  is  the 
denomlTiator  9  to  the  answer  in  pennyweights:  Or,  divide  the  dollars 
by  the  numerator  8,  and  add  the  quotient  to  the  dividend# 

Or,  divide  as  before,  and  multiply  the  quotient  by  the  denominator 
9.  In  either  case  you  will  have  the  answer. 

1 .  Required  the  weight  of  gold  equal  to  76  dollars. 
As  8  :  76  ::  9  Or  thus,  8)76  Or,  9^X9=85 ^pwt. 

9  9-^ 

8)684  Ans.  854pwt. 

oz.  pwt.  gr.  

Ans.     85^pwt.=  4      5.      12 

2.  Required  the  weight  of  gold  equal  D.  1 59  75c. 

As  8  :   159-75  ::  9  :   179pwt.  17^  gr.  Ans. 
9 


8)1437-75 

179-71875 
24 

287500 
143750 


17-25  grains. 


Or,   159-75^8  +  159'75  =  179pwt.   17^  gr.  Ans. 
Or,  159-75-7-8  X  9=179pwt.   1 7fgr.  as  before. 

RULE  OF  THREE  DIRECT  IN  DECIMALS, 
Rule. 
Having  reduced  your  fradions  to  decimals,  and  stated  your  ques- 
tion as  in  whole  numbers,  multiply  the  second  and  third  toge^aer  ;  di- 
vide  by  the  first,  and  the  quotient  will  be  the  answer.  ^ 

Examples. 
1.  If  I"  of  a  yard  cost  y'^  o{  a  pound  ;  what  will  9j  yards  come  to  ? 
4-  =  -625,  tV  =  '583  +,  and  |  =  -667  — . 
As  '625  :  -583  ::  9-667 
•583 


29001 
77336 
48335 

•625)5635861(9-017 +  =  i;.9  Os.  4d.+.  Ans. 
5625 


1086 
625 

4611 
4375 
23«  2.  U 
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2.  If  loz.  of  silver  cost  6s.  8d.  what  is  the  price  of  a  bowl,  which 
weighs  lib.  7oz.  13gr.  ?  Ans.  £.6   6s.   lOd. 

3.  If  9^  yards  cost  D.U  25c.  what  will  ^yard  come  to  ? 

Ans.  57c.  64|ra. 

4.  If  I hhd.  sugar,  weighing  9cwt.  3qrs.  141b.  cost  ^.27  13s.  7d. 
what  will  3cwt.   Iqr.    17lb.  come  to  ?  Ans  /  .9   10s.  8^d. 

5.  A  tobacconist  bought  5hhds.  of  tobacco,  each  weighing  8c wt. 
2qrs.   19lb.  for  D.534  5c.  what  was  it  per  ounce?  Ans.  6fm. 

6.  There  is  a  cistern,  which  has  3  cocks,  the  first  will  empty  it  in 
-^  of  an  hour,  the  second  in  |,  and  the  third  in  I^  hour  :  in  what  time 
will  it  be  emptied,  if  all  three  run  together  ? 

h.  Cist.  h.  Cist.     Cist,  h  Cist. 

1667 — =10  min.  Ans. 


r-25  :  I  ::  1  :  4     As  6  ;  1  ::  1  :  •] 
As-J-75  :  1  ::  1  :  1-333+ 
(.1-5:1  ;:  1  :  0-667— 


6  Cist. 

7.  A  conduit  has  a  cock,  which,  running  into  a  cistern,  will  fill  it 
in  12  minutes  :  This  cistern  has  three  cocks  ;  the  first  will  empty  it 
in  I;*  hour,  the  second  in  37^  minutes,  and  the  third  in  ~  an  hour  : 
In  what  time  will  the  cistern  be  filled,  if  all  four  run  together  ? 

5  cist,  filled  in  an  hour. 
A     I  1-25  :  1  ::  1  ;  0-81  -{  4*4  do.  emptied  in  do. 

'^     '  difference. 


tiat  time  will  the  cistern  be  hUed,  ii  ail  tour  run  togei 
r  -2  :  1  ::  1  :  5  the  filling  Cock,  f  5  cist,  fille 
j  I  25:  1  ::  1  ;  0-81  ^  4-4  do.  eir 

*  '625  :  1  ::  1  :  1-6  > emptying  Cocks.  L.'6'ci<=t.  dif 
L     -5  :  1  ::  1  :  2    } 


44 

Cist.  h.  Cist    h.  '  h.  m. 

Then,  as  -6  :  I  ::  1  :  1-67—  =1   40  Ans. 
D.  d.  c 
8.  If  19  yards  cost  25-  7  5  what  will  435^  yards  come  to  ? 
yds.     D.  d.  c.        yds. 
As  19  :  25-  7  5  ::  4355 
25-75 


217  75 
3048  5 
21775 
8710 

D.    d.  c.  m. 

19)11214-125(590-2    1   7j?^  Ans. 

9.  If  345^  yards  of  tape  cost  D.5*  Id.  7c.  5m.  what  will  I  yd.  cost  ? 

yds.     D. d.c.  m.  yds.      cm. 
;As    345   :  5-  1   7  5   ::    1  :  -0   1    5     Ans. 

10.  If  I  give  D.12-  8d.  2c.  5m.  for  675  tops,  how  many  tops  will 
19  mills  buy  ?  Ans.   1  top. 

RULE 
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'R9^      1 


RULE  OF  THREE  INVERSE,    OR    RECIPROCAL   PR9 

PORTION, 

Teaches,  by  having  three  numbers  given,  to  find  a  fourth,  which 
shall  have  the  same  proportion  to  the  second,  as  the  first  has  to  the 
third 

Therefore,  the  greater  the  third  term  is,  in  respect  to  the  first,  the 
less  will  the  fourth  term  be,  in  respeft  to  the  second  ;  or,  the  less  the 
third  term  is  in  proportion  to  the  first,  the  greater  the  fourth  must 
be  in  proportion  to  the  second  ;  and  this  is  called  reciprocal,  inverted^ 
or  indirc^  Proportion. 

Thr-  principal  difficulty  that  will  embarrass  the  learner  will  be,  to 
distinguish  when  the  proportion  is  dired.  and  when  indireft.  This 
is  done  by  an  attentive  consideration  of  the  sense  and  tenour  of  the 
question  proposed  :  For  if  thereby  it  appears  that,  when  the  third 
term  of  the  stating  is  less  than  the  first,  the  answer  must  be  less  than 
the  second  ;  or  when  the  third  is  greater  than  the  first,  the  answer 
must  be  greater  than  the  second  ;  then  thic  proportion  is  diredt  :  But, 
if  !.he  third  be  less  than  the  first,  and  yet  the  sense  of  the  question  re- 
quires the  fourth  to  be  greater  than  the  second  ;  or  if  the  third, 
being  greater  than  the  first,  the  answer  must  be  less  than  the  second, 
the  proportion  is  iiiTerse. 

Rule* 

State  and  reduce  the  terms  as  in  the  Rule  of  Three  Dire(5l  ;  then, 
inultiply  the  first  and  second  terms  together,  and  divide  the  product 
by  the  third  ;  the  quotient  wili  be  the  answer  in  the  same  denomina- 
tion as  the  middle  term  was  reduced  into. 

If  there  be  fradions  in  your  question,  they  must  be  stated  as  before 
directed,  and  if  they  be  vulgar,  invert  the  third  term  :  Then  multiply 
the  three  terms  continually  together,  and  the  produd  will  be  the 
answer. 

Examples. 

1.  How  much  shalloon,  that  is  \  yard  wide,  will  line  6|  yards  of 
cloth  which  is  1^  yard  wide  I 

yd.    yds.    qrs.  qw.     qrs.     qrs. 

As  1;^  :  6^  ::  3  As  5   :    27   ::    3 

4  4  5 

5  27  3)135 

4)45 

Jl^  yards,  Ans, 

The 
*  The;  re^on  of  this  rule  may  be  explained  from  the  princ'ples  of  Compound 
Malt!riicat5pti,aDd-  Compound  Divifion,  in  the  fame  manner  as  the  diredl  rule. — 
J^or  cxunipky  Er  4  men  can  do  a  piece  of  work  in  12  days,  in  what  time   will  8  men 

^'^ "  '  As  4  men  :  12  days ::  8  men  :l2ii^=6  days,    the  Anfwer. 

Atid  here  the  product  of  the  firH  and  fecond  terms,  that  is,  4  times  IS,  or  48,  is 
fvidently  the  time  ir  which  one  man  would  perform  th^  work.  Therefore,  8  ni€« 
will  do  Ii  in  one  eighth  part  of  the. time,  or  6  days. 
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The  same  by  Vulgar  Fradions. 
First.  li=:|:,  61= V,  and  3qrs.=|._    Then,  yds. 

AsJ:  V  ::i.  And  JxVx4=^^f|^'==Vs<^=V=llt  Answer. 

The  same  by  Decimal  Fradions. 
H=l*25,  6^=6-75  and  3qrs.=-7.5.     Then, 
As  i-25  ;  6-75  ::  -75 
1-25 


2.  What  len^tli  of  board  7 
'75)8-4375(  11*25  yds.  Ans.  inches  wide,  will  make  a  square 

7  5  foot  ?     ■ 

In.  br.  in.len.  in.br.  in.  len. 

93  A«  12  :  12  ::  7i  :   19^-  Ans. 

75 

187 
'     150 

375 
375 

3.  How  many  yards  of  carpet,  ^l  feet  wide  will  cover  a  floor, 
which  is  1«  feet  long  and  16  feet  wide  ? 

ft.       ft.       ft.  ft.    yris.  f     Note,   I   multiply  2|  by   3, 

As  16  :   18  ::  elxs  :  34^^  Ans.      (^because  3feet=l  yard. 

4.  Suppose  I  lend  a  friend  f  .350  for  5  months,  he  promising  the 
like  kindness  ;  but,  when  requested,  can  spare  but /*.  125,  how  long 
may  I  keep  it  to  balance  the  favour  ?  £.  Mo.     £.    Mo. 

As  350:  5  ::  125  :  14  Ans. 

5.  Suppose  450  men  are  in  a  garrison,  and  their  provisions  are  cal- 
culated to  last  but  5  months  ;  how  many  must  leave  the  garrison, 
that  the  same  provisions  may  be  sufficient  for  those  who  remain  9 
months  ? 

Mo.     M.      Mo.     M.  M. 

As  5  :  450  ::  9  :  250,  and  450  —  250=200  men,  Ans. 

6.  If  a  man  perform  a  journey  in  15  days,  when  the  day  is  12  hours 
long,  in  how  many  days  will  he  do  it,  when  the  day  is  but  10  hours  ? 

Ans.  18  days. 

7.  If  a  piece  of  land,  40  rods  in  length,  and  4  in  breadtlu^mako  an 
acre,  how  wide  must  it  be,  when  it  is  but  19  rods  long  ta make  an 
acre  ?  '^^, 

\  Ans.  8r0('    '"^   "  '  '  . 

8.  If  when  wheat  Is   D.I    per  bushel,  the  two  pi  i 

O'Qoz,  what  ought  it  to  weigh,  wlien  wheat  is  D.l  '25c.  per  Uuiiiji  : 

Ans.  7oz.  13p\vt,  I4*4fi:r. 
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9.  If  a  piece  of  board  be  30  inches  in  length,  what  breadth  will 
make  1  ^  square  foot  ? 

Ans.   7*2  inches. 

10.  If  9  men  can  build  a  house  in  5  months,  by  working  14  hours 
per  day,  in  what  time  will  the  same  number  of  men  do  it,  when  they 
work  only  10  hours  per  day  ? 

Ans    7  months. 

1 1 .  A  wall,  which  was  to  be  built  24  feet  high,  was  raised  8  feet 
by  6  men,  in  12  days  :  How  many  men  must  be  employed  to  fin- 
ish the  wall  in  four  days  ? 

ft.    m.     ft.         m. 


As  8  :  6  ::  24—8  :  12  to  finish  it  in  12  days.  And, 
d       m.       d.       m. 
As   12  :   12  ::  4  :  36  to  finish  in  4  days. 

12.  There  is  a  cistern  having  a  pipe,  which  will  empty  it  in  6 
hours  :  How  many  pipes  of  die  same  capacity,  will  empty  it  in  20 
minutes  ? 

h.     pi.     mi.  pi. 
As  6  :  1  ::  20  :  18  Ans.  ^ 

13.  What  number  of  men  must  be  employwi  to  finish  m9  days, 
what  15  men  would  be  30  days  about  ? 

Ans.  50  men. 

14.  If  a  field  will  feed  6  cows  91  days,  how  long  will  it  feed  21 
cows  ? 

Ans.   26  days. 
1 5-  How  much  in  length,  that  is  84  inches  broad,  will  make  a  foot 
square  ? 

Ans.    1 6|x  inches. 

16.  How  much  in  length,  that  is  13  J  poles  in  breadth,  will  make 
a  square  acre  ? 

Ans.  1 1  j\^y  poles^ 

17.  A  regiment  of  soldiers,  consisting  of  745  men,  is  to  be  clothed, 
each  suit  to  contain  3^  yards  of  cloth,  which  is  1-J  yard  wide,  and 
lined  with  shalloon  J  yard  wide  ;  how  many  yards  of  shalloon  will 
line  them  ? 


As  745x3i  :  1|  :  I  :  4097^  yards,  Ans. 
18.  If  a  suit  of  clothes  can  be  made  of  4-g-  yards  of  cloth,  1|-  yard 
wide  ;  how  many  yards  of  coating  ^  ^^  ^  7^^*^  wide,  will  it  require 
for  the  same  person  ? 

Ans.  6yds.  Iqr.  ^n. 

.^>'  Abbreviations. 

To  Inow  whether  a  fraBion,    when  ahhre'viatedi  he  equivalent  in  all  respeds 
to  the  original fraSion. 

Rule. 

As  the  numerator  of  the  fradion,  in  its  lowest  terms,  is  to  its  de- 
nominator ; 
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nominator  ;  so  will  the  numerator  of  the  original  fradlon  be  to  its 
own  denominator. 

Or,  as  one  numerator  is  to  the  other  ;  so  will  one  denominator  be 
to  the  other,  &c. 

A  owes  B  751.  1 3s.  6d   ;  now  lOOl.  of  A's  money  is  equal  to  140l. 
ef  B's  ;  what  must  A  pay  to  satisfy  the  said  debt  ? 
/•.    s.  d. 
^g  =  4,  therefore,  75   13  6 
5 


7)378     7   6 


^.54     1   Of  Ans. 
Now,  to  prove  whether  4  be  equal  y  J§. 

Num.  Den.    Num.    Den.  Num.  Num.  Den.  Den. 

As    5:7::  100  :  140 Or,  as   5  :  100  ::  7  :  140. 


COMPOUND    PROPORTION, 

OR  DOUBLE  RULE  OF  THREE, 

TEACHES  to  resolve  such  questions  as  require  two,  oi  more,statings 
by  simple  proportion  ;  and  that,  whether  dire<5l  or  inverse  :  It  is 
composed  (commonly)  of  5  numbers  to  find  a  sixth,  which  if  the  pro- 
portion be  diredl,  must  bear  such  proportion  to  the  4th  and  5th  as 
the  3d  bears  to  the  1st  and  2d  ;  but  if  inverse,  the  6th  number  must 
bear  such  proportion  to  the  4th  and  5th,  as  the  first  bears  to  the  2d, 
and  3d. 

First  Method.* 

By  tivoy  or  more,  proportions  in  the  Single  Rule  of  Three, 

Rule. 

1.  Let  either  of  the  two  numbers,  "of  which  the  question  is  raised, 
be  put  in  the  third  place,  and  the  correspondent  number,  of  the  same 
name  or  kind,  in  the  first  ;  the  second  will  be  that,  which  has  no 
correspondent  number  given. 

2.  Three  of  tlie  five  given  numbers  being  thus  stated,  find  a  fourth 
proportional. 

3.   Put 

*  The  reafonof  thlsrule  maybe  (hewn  from  thenatureof  diredkandinverfepropor- 
tion  : — For,  in  this  rule,  every  row  is  a  particular  ftating  in  one  of  thofe  rules  ; 
and,  therefore,  if  all  the  feparate  dividends  be  colle^^led  into  one  dividend,  and  all 
the  divifors  into  one  divifor,  their  quotients  muft  be  the  anfwer  fouijlu  :  Thus,  in 
example  1ft. 

D-      D.      D.  Mo.      D.    D.        D. 

400X6  400X6  400X^X9 

As     100  :  6  ::  400  :  ,   and  as  12  :  ;:    9  :    by  the 

10«  19«  lOOXlV 

Rule  of  Three  DireO. 
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3.  Put  this  fourth  number  for  a  second  number  of  a  seconcf  stating-, 
the  remaining  number  of  which  the  question  is  raised,  the  th.id,  and 
its  correspondent  number.of  the  same  name,  the  first,  then  will  the 
fourih  number  resulting  be  the  answer. 

Examples. 

If  a  principal  rf  D  100  gain  D.6  interest  in  a  year  ;  -wrhat  will  a 
principal  of  D.400  gain  in  9  months  ? 

Hereof  the  five  given  num.hers  D.I  00  principal,  D.6  interest,  and 
a  year  or  12  months,  are  conjoined  in  foin-  of  a  supposition,  iind 
theieupon  a  qnestion  is  raised  C(nceirirg  D  4('0  for  9  months; 
wherefore,  let  either  of  the  two  numbers,  D.400  or  9  months,  be  put  for 
the  third  number  of  the  first  stating,  and  its  corresponding  teim 
D.lOO  or  12  months,  for  the  first. 

D.     D.     D.  Mo.  D.    Mo. 

As  100  :  G  ::  400  As  12  :  24  ::  9 

6  9 


1100)24100  12)216 

D.  24  D.  18     Ans. 


Or  thus, 

Mo. 

D. 

Mo.  D. 

D. 

D. 

D. 

D. 

As  12 

:   6 

::  9  :  U. 

And,  As  100  ; 

•    4' 

::  400 

:   18 

Such  questions  as,  when  stated,  are  found  to  have  both  statings  df- 
reft,  njt^  be  solved  more  readily  by  one  compound  stating,  thus: 
Place  the  two  terms,  of  which  the  question  is  raised,  under  one  anoth- 
er in  the  third  place,  their  cc^rrespondent  terms  under  each  other  in 
the  h:st,  and  the  remaining  term  in  the  middle  :  Then  multiply  both 
these  first  terms  together,  and  rhe  third  terms  together,  and  so  the  double 
stating  is  reduced  to  a  simple  one  of  the  Rule  of  Three  Dired  ;  viz.  the 
pre  dud:  of  ihe  two  first  terms  is  the  first  of  a  simple  stating  ;  the  sec- 
ond lerm  is  the  second,  and  the  produdl  of  the  two  third  terms  is  the 
third,  to  find  a  fourth  proportional — Thus, 

So  the  first  example  will  stand  thus : 

D.  100)        j^'  (400  D.   1 

Mo.  i2J    ''   ^'^    ••19  Mo. J 


12i00 


12)216 
D.18  Aas. 


SeConb 
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Second  Method. 

Always  place  the  three  conditional  terms  in  this  order  :  That  num- 
ber, which  is  the  principal  cause  of  gain,  loss  or  aftion,  possesses  the 
first  place  ;  that,  which  denotes  the  space  of  time,  distance  of  place, 
rate,  medium  or  mean  of  adion,  the  second  ;  and  that,  which  is  the 
gain,loss  ora<5lion,the  third  :  This  being  done,  place  the  other  two  terms 
which  move  the  question,  under  those  of  the  same  name,  and  if  the 
blank  place,  or  term  sou«^ht,  fall  under  the  third  place,  then  tlie  ques- 
tion is  in  diredl  proportion  :  therefore. 

Rule  I. — Multiply  the  three  last  terms  together,  for  a  dividend, 
and  the  two  first  for  a  divisor  : — But  if  the  blank  fall  under  the  first 
or  second  place  ;  then,  the  proportion  is  inverse  ;  therefore. 

Rule  2 — Multiply  the  first,  second  and  last  terms  together  for  a 
'dividend,  and  the  other  two  for  a  divisor,  and  the  quotient  will  be  the 
answer. 

Examples. 

L  If  D  lao  gain  D.6  in  a  year  j  what  will  D.400  gain  in  0 
months  ? 

D    P.  Mo.  D.  Int. 

100  :   12  ::  6    Terms  in  the  supposition,  or  conditional  terms. 

400  :     9  Terms  which  move  the  question. 

Here,  the  blank  falling  under  the  third  place,  the  question  Is  in  di- 
re(5t  proportion,  and  the  answer  must  be  found  by  the  first  Rule ; 
therefore, 

400X  9x6=21600  For  the  dividend,  and, 
100X12      =1200  For  the  divisor. 

See  the  work  at  large. 
D.  Pr.  Mo.     D.  Int. 
100  :   12  ::  6 
400  :     9 

9  * 

100      8600 
12  6 

l2loo)2I6loo(18D.Ans. 

12 

96 
96 


2.  If  D.lOO  will  gain  D.6  In  a  year  ;   in  what  time  will  D.400 
gainD.18?        D,     Mo.     D. 

100:  12  ::    6  Terras  in  the  supposition. 
400 :        ::  1$  Terins  which  move  the  question. 

Here 
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Here,  the  blank  falling  under  the  2d  place,  the  question  is  in  recip- 
rocal or  inrerse  Proportion,  and  the  answer  must  be  sought  by  the 
second  rule  j  therefore, 

100X12x18=21600  For  the  dividend. 
400X  6       =  2400  For  the  divisor. 
'   D.  Pr.  Mo.  D.  Int. 
100  :   12  ::    6 
400  :  ::  18 

6  12 

2400  216 

100 


24100)216100(9  months,  Ans. 
216 

3.  What  principal,    at  6   per  4.  If  D.400  gain   D.18  in  9 

cent,  per  ann.   will  gain  D.18  in  months  ;    what   is   the  rate  per 

9  months  ?  cent,  per  anunu-m  ? 

Pr.       Mo.     Int.  Pr.  Mo.    Int. 

100  :   12  ::     6  400  :     9  ::   18 

9  ::  18  100  :  12  ::     D.6  Ans. 
12 

9  216 
6  100 
D. 


54)21 600(400  Ans. 
216 

00 
Here,  the  blank  falling  under  the  first  place,  the   proportion  is  in- 
verse, and  the  answer  found  by  the  second  rule,  as  in  the  last  exam- 
ple. 

5.  If  8  men  spend  ;^.32  in  13  weeks  ;  what  will  24  men  spend  in 
52 weeks?  Ans.  ;f.S84 

6.  If  the  freight  of  Ohhds  of  sugar,  each  weighing  12cwt.  20 
leagues,  cost  D.50  ;  what  must  be  paid  for  the  freight  of  50  tierces 
ditto,  each  »veighing  2tcwt.  100  leagues  ?         Ans.  D.289  35c.  l||m. 

7.  There  was  a  certain  ediiice  completed  in  a  year  by  20  workmen  ; 
but  the  same  being  demolished,  it  is  necessary  that  just  such  an  one 
should  be  built  in  5  months.  1  demand  the  number  of  men  to  be  em- 
ployed about  it  ?  Ans.  48  men. 

8.  If  6  men  build  a  wall  20  feet  long,  6  feet  high  and  4  feet  thick, 
in  16  days,  in  what  time  will  24  men  build  one  200  feet  long,  8  feet 
high,  and  6  feet  thick  ? 

m.  da.    ft. 


6  :  16  ::  20x6x4 
24  :    ::  200x8x6  80  days,  Ans. 

COMPARISON 
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C0MPARIS6N  OF  WEIGHTS  AND  MEASURES. 

Examples. 
1.  If  78  pence   Massachusetts  be  worth    1    French   crown,  how 
many  Massachusetts  pence  are  worth  320  French  crowns  ? 
F.  cr.  d.     F.  cr. 
.  As   1   :  78  ::  320 
78 

2560 
2240 


24960     Ans. 

2.  If  24  yards  at   Boston  make  1 6  ells  at  Paris,   how  many  ells 
at  Paris  will  make  128  yards  at  Boston  ? 

Bost.         Par.         Bos.         Par. 
As  24yds.  :   16ells.  ::  128yds.:  85-^ells,  Ans. 

3.  If  60lb.  at  Boston  make  56lb^  at  Amsterdam,   how  many   lb. 
at  Boston  will  be  ecjual  to  350  at  Amsterdam  ? 

Ans.  3751b.  Boston. 

4.  If  95lb.  Flemish  make  lOOlb.  American,  how  many  American 
lbs.  are  equal  to  550lb.  Flemish  ? 

Ans.  578^jlb.  American. 


CONJOINED   PROPORTION 

IS  when  the  coins,  weights  or  measures  of  several  countries  are 
compared  in  the  same  question  ;  or,  in  other  words,  it  is  joining 
many  proportions  together,  and  by  the  relation,  which  several  ante- 
cedents have  to  their  consequents,  the  proportion  between  the  first 
antecedent  and  the  lost  consequent  is  discovered,  as  well  as  tlie  pro- 
portion between  the  others  in  their  several  respecfls. 

This  rule  may  generally  be  so  abridged  by  cancelling  equal  quan- 
tities on  both  sides,  and  abbreviating  commensurables,  that  the  whole 
operation  may  be  performed  with  very  little  trouble,  and  it  may  be 
proved  by  as  many  statings  in  the  Single  Rule  of  Three,  as  the  na- 
ture of  the  question  may  require. 

CASE  I. 

When  it  is  required  to  find  how  many  of  the  first  sort  of  coin, 
weight  or  measure,  mentioned  in  the  question,  are  equal  to  a  given 
quantity  of  the  last. 

RULI^ 

Place  the  numbers  alternately,  that  is,  the  antecedents  at  the  left 
hand,  andxhe  consequents  at  the  right,  and  let  the  last  number 
stand  on  the  left  hand  ;  then  multiply  the  left  hand  column  contin- 
ually for  a  dividend,  and  the  right  hand  for  a  divisor,  and  the  quo- 
tient will  be  tlie  answer. 

EXAMI-LSS, 


UO  CONJOINED    PROPORTION. 

Examples. 
1.  Suppose  100  yards  of  America=100  yards  of  England,  and 
100  yards  of  England=50  canes  of  Thoulouse,  and  100  canes  of 
Thoulouse=160  ells  of  Geneva,  and  100  ells  of  Geneva=200  ells  of 
Hamburgh  :  How  many  yards  of  America  are  equal  to  379  ells  of 
Hamburgh  ? 


Antecedents.                 Consequents. 

Abriged. 

loo  of  America        =  100  of  England. 

Ant. 

Con. 

100  of  England        =     50  of  Thoulouse. 

5 

8 

100  of  Thoulouse     =.-  160  of  Geneva. 

379 

100  of  Geneva          =  200  of  Hamburgh. 

879  of  Hamburgh  ? 

Therefore,      'g    ^=236^ydj.  of  America==379ells  of  Hamburgh, 
Illustration, 

The  two  I  CDs  of  both  sides  cancel  each  other.  Let  the  last  cy» 
phers  of  the  three  next  antecedents  and  consequents  be  cancelled, 
•which  is  dividing  by  1 0  Then  divide  the  second  antecedent  and 
consequent  by  5,  and  the  quotients  will  be  2  on  the  side  of  the  ante- 
cedents, and  1  on  tlie  side  of  the  consequents  ;  then  2  will  measure 
the  third  antecedent  and  consequent,  and  the  quotients  will  be  5  and 
8.  10  will  measure  the  4th  antecedent  and  consequent,  and  the  quo- 
tients will  be  1  and  2.  I  Jow,  there  being  2  left  on  each  side,  they 
cancel  each  other,  and  as  there  is  no  farther  room  for  abridg- 
ing by  reason  of  the  odd  number  379,  the  operation  is  finished,  and 
the  answer  found,  as  before. 

2.  If  201b  at  Boston  make  231b  at  Antwerp,  and  155  at  Antwerp 
make  180  at  Leghorn  :  How  many  at  Boston  are  equal  to  14<^  at 
Leghorn  ? 

Ans.   107i41b. 

3.  If  121b.  at  Boston  make  lOlb.  at  Amsterdam,  lOlb.  at  Am- 
sterdam 1201b.  at  Paris  *:  How  many  lb.  at  Boston  are  equal  to  801b. 
at  Paris  ? 

Ans.  80lb. 
'  4.  If  140  braces  at  Venice  be  equal  to  150  braces  at  Leghorn, 
and  7  braces  at  Leghorn  be  equal  to  4  American  yards :  How  many 
Venetian  braces  are  equal  to  32  American  yards  ? 

Ans.  52/3-, 
5.  If  40lb.  ^t  Newburypoit  make  36  at  Amsterdam,  and  90lb.  at 
Amsterdam  make  116  at  Dantzick  ;  How  many  lb.  at  Newburyport 
are  equal  to  2601b.  at  Dantzick  ? 

Ans.   224^. 
CASE    n. 
When  It  is  required  to  find  howmanyof  the  last  sort  of  coin,  weight 
or  measure,  mentioned  in  the  question,  are  equal  to  a  given  quantity 
of  the  first. 

P..ULE. 

Place  the  numbers  alternately,  beginning  at  the  left  hand,  and  let 
the  last  number  stand  on  the  right  hand  ;  then  multiply  the  first  row 
for  a  divisor,  and  the  second  for  a  dividend. 

Examples. 
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Examples. 

1.  Suppose  100  yards  of  America=100  yards  of  England,  and  100 
yards  of  England=5  canes  of  Thoulouse.  and  100  canes  of  Thou- 
louse=160  ells  of  Geneva,  and  100  ells  of  Geneva=200  ells  of  Ham- 
burgh :  How  many  ells  of  Hamburgh  are  equal  to  236 g-  yards  of 
America  ? 

Ant.  Con.  Abridged. 

100  Amer  =     100  Eng.  Ant.         Con. 

100  Eng.     =       60  Thoul.  5.  8 

100  Thoul.=  M60  Gen.  236| 

100  Gen.     =     200  Hamb.  236  4x8  o^r^  zs         a 

2365-  Amer.  "5—  =  ^^^  Ham.  Ans. 

This  needs  no  further  illustrat'on.  The  learner  will  readily  see, 
that,  this  case  being  the  reverse  of  the  former,  they  aie  proofs  to 
each  other. 

2.  If  20lb.  at  Boston  make  231b  at  Antwerp,  and  155  at  Ant- 
werp make  180  at  Leghorn  :  How  many  at  Leghorn  are  equal  H-^ 
atBoston  ?  Ans     1441b. 

3.  If  12lb.  at  Boston  make  lOlb.  at  Amsterdam,  and  lOOlb.  at 
Amsterdam  120lb  at  Paris  :  How  many  at  Paris  are  equal  to  80lb. 
at  Boston  ?  Ans.  80lb. 

4  If  140  braces  at  Venice  be  equal  to  150  braces  at  Leghorn, 
and  7  braces  at  Leghorn  be  equal  to  4  \merican  yards  :  How  many 
American  yards  are  equal  to  52x3-  Venetian  braces  ? 

Ans.  32  yards. 

5.  If40lb.  at  Newburyport  make  36  at  Amsterdam,  and  90lb.  at 

Amsterdam  make  1 16  at  Dantzick  :  How  many  lb.  at  Dantzick  are 

equal  to  244  at  Newburyport  ?  Ans.  283i-?4b. 

jiRBITRATION  OF  EXCHANGES. 

By  this  term  is  understood  how  to  choose,  or  determine  the  best 
way  of  remitting  money  from  abroad  with  advantage  ;  which  is  per- 
formed by  conjoined  proportion  ;  Thus, 

Suppose  a  merchant  has  effedls  at  Amsterdam  to  the  amount  of 
3530  dollars,  which  he  can  remit  by  way  of  Lisbon  at  840  rees  per 
dollar,  and  thence  to  Boston,  at  8s.  Id  per  milree  (or  1000  rees  :) 
Or,  by  way  of  Nantz,  at  5 J  livres  per  dollar,  and  thence  to  Boston  at 
6s.  8d.  per  crown  ,  It  is  required  to  arbitrate  these  exchanges,  that 
is,  to  choose  that  which  is  most  advantageous  ? 

i  dollar  at  Amsterdam  =  840  rees  at  Lisbon. 
1000  rees  at  Lisbon        =    97d.  at  Boston. 

3530  dollars  at  Amsterdam. 

840X97X3530  ntnoo      o4Ji  rx-i 

. =  ^  1 198  8s.  8i^d.  by  way  of  Lisbon. 

1000X1  ^  10       J       J 

1   dollar  at  Amsterdam  =  5^  livres  at  Nantz. 
6  livres  at  Nantz  =  80  pence  at  Boston. 

3530  dollars  at  Amsterdam. 
5|X80X3530        r  .^.r.. 
— Tx^ ~  >C.1059  byway  ot  Nantz. 

Here 
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Here  it  may  be  observed  that  the  dliFerence  is  /"ISQ  8s.  S/^yd  in 
favour  of  remitting  by  way  of  Lisbon  rather  than  by  Nantz,  which 
depends  on  the  course,  of  exchange,  at  that  time  ;  but  the  course  may 
vary  so,  that,  in  a  short  time  by  way  of  Nantz  may  be  better  ;  hence 
appears  the  necessity  and  advantage  of  an  extensive  correspondence, 
to  acquire  a  thorough  knowledge  in  the  courses  of  exchange,  to  make 
this  kind  of  remittance. 


FELLOWSHIP. 

THE  Rules  of  Fellowship  are  those  by  which  the  accompts  of 
several  merchants  or  other  persons,  trading  in  partnership,  are  so  ad- 
justed, that  each  may  have  his  share  of  the  gain,  or  sustain  his  share 
of  the  loss,  in  proportion  to  his  share  of  the  joint  stock,  together  with 
the  time  of  its  continuance  in  trade. 

SINGLE  FELLOWSHIP 
Is,  when  the   stocks   are  employed  for   any  certain   equal  time. 

Rule.* 

As  the  whole  stock  is  to  the  whole  gain  or  loss,  so  is  each  man's 
particular  stock  to  his  particular  share  of  the  gain,  or  loss. 

Proof.  Add  all  the  particular  shares  of  the  gain  or  loss  together, 
and,  if  it  be  right,  the  suni  will  be  equal  to  the  whole  gain  or  loss. 

Examples. 

1.  Divide  the  number  360  into  four  such  parts,  which  shall  be  to 
each  other,  as  3,  4,  5  and  6. 

As  3+4rf5+6  :  3G0  ::-{ '^  '  ,^^  }-   Answer. 


f3  :  60-) 
5  :  100  f 
6  :  I20j 


560  Proof. 
2.  A,  B,  C  and  D  companied  ;  A  put  in  /*.145  ;  B,   iC.219  ;    C, 
jf  .378,  and  D,;^.417>  with  which  they  gained  ^".569  :  What  was  the 
share  of  each  ?  £.     s.  d. 

ixn    1.1  o  •         ri45:    71     3  84 1^^ A's  sha. 

Whole  stock.  Gam.      \  oi  o  .  1 07  1 0  3 ?  ^-^  B's  dit 

As  145H^2194- 378  +  417  :   569  ::  4 -j^;  J^J  J^^.^-JW  ll^^, 

(,417  :  204  14  5^  ^'^  D's  dit. 

£.569-^   Proof.  3.  A. 

-'^  That  their  gain  or  lofs,  is  this  rule,  is  in  proportion  to  theirftocks  is  evident : 
For,  as  the  times,  in  which  the  flocks  are  in  trade,  are  equal,  if  I  put  in  ^.  of  the 
whole  ftock,  I  ought  to  have  i  of  the  gain  :  If  my  part  of  the  flock  be  i,  my 
fliare  of  the  gain  or  lofs  ought  to  be  Jz  alfo.  And  generally  the  fame  ratio  that 
the  whole  flock  has  to  the  whole  gain  or  lofs ,  mufl  each  perfon's  particular  flock 
have  to  his  refpedlive  gain  or  lofs. 
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3.  A,  B,  C  and  D  are  concerned  in  a  joint  stock  of  D.IOOO  ;  of 
which  A's  part  is  D.  150  ;  B's  D.  250  ;  G's  D.275,  and  D's  D.<25.— 
Upon  the  adjustment  of  their  accompts,  they  hdvc  lost  D.337  50c. 
What  is  the  loss  of  each  ?  Ans.  A's  loss  D.50  b2^c,  B's  D.Sl  37ic. 
C's  D.92  81^c.  and  D's  D.109  68^c. 

4.  A  and  B  companied  ;  A  put  in  £A5y  and  took  |  of  the  gain  ; 
What  did  B  put  in  ?  5—3=2.  Then,  As  3  :  45  ::  2  :  30  Ans. 

5.  A,  B  and  C  freighted  a  ship  with  68900  feet  of  boards  :  A  put 
in  16520  feet  ;  B  28750  ;  and  C  the  rest ;  but,  in  a  storm,  the  Cap- 
tain threw  overboard  26450  feet  :  How  much  must  each  sustain  of 
the  loss  ?  Ans.  A,  6341|  feet.  B,  11036^  and  C,  907H  do. 

6.  A  gentleman  died,  leaving  three  sons  and  a  daughter,  to  whom 
he  bequeathed  his  estate  in  the  following  manner :  To  the  eldest  son 
he  gave  3l2moidores,  to  the  second  312  guineas,  to  the  third  312 
pistoles,  and  to  the  daughter  312  dollars  ;  but  when  his  debts  were 
paid,  there  were  but  312  half  joes  left  :  What  must  each  have  in  pro- 
portion to  the  legacies  which  had  been  bequeathed  them  ? 

Ans.  1st  son  ;C.293   Os.    3d.-— 2d.  son  £.227   17s.    lOfd.— 2d.son 
£A79  is.  2td.- and  the  daughter  ,i;'.48  16s.  8^d. 

7.  A  ship,  worth  D.3000,  being  lofit  at  sea,  of  which  ^-  belonged  to 
A,  \  to  B,  and  the  rest  to  C  :  What  loss  will  each  sustain,  supposing 
D.450  to  have  been  insured  upon  her  ? 

Ans.  A's  loss  D.312  50c. 
B's  937-  50 

C's  625 

8.  A  and  B  venturing  equal  sums  of  money,  cleared  by  joint  trade 
D.140  :  By  agreement,  as  A  executed  the  business,  he  was  to  have 
8  per  cent,  and  B  was  to  have  5  per  cent. :  What  was  A  allowed  for 
his  trouble  ? 

D.D.       D.  D.        D.  D.D.       D.         D.        D. 

As  8+5  :   140  ::  8  :  86^7  And,  as  8+5  ;   140  ::  5  :  53|^. 

Ans.  D.32  30c.  vAnJ- 

9.  A  bankrupt  Is  indebted  to  A  ;^.120,  to  B/'.230,  to  C  £.34^0, 
and  to  D^.450,  and  his  whole  estate  amounts  only  to  £.560  :  How 
must  it  be  divided  among  the  creditors  ? 

Ans.  A,  £,58  18s.  Hid.    B,^.II2  19s.  7id.  C,  £.167  Os.  4d. 
andD,;^\221   Is.  O^d. 

10.  A,  B  and  C  put  their  money  into  a  joint  stock  ;  A  put  in  D.40 ; 
B  and  C  together,  D.  170:  They  gained  D.126,  of  which  B  took 
D.42  ;  What  did  A  and  C  gain,  and  B  and  C  put  in  respe(5lively  ? 

As  D.210  the  whole  stock  :  D.126  the  whole  gain  :;  D.40  A's 
stock  :  D.2 1  A's  gain# 

As  D.24  A's  gain  :  D.40  A's  stock  ;:  D.42  B's  gain  :  D.70  B's 
stock.  Then  D.170~D.70=l).lOO  C's  stock;  and  whole  pain 
D.126— D.66  A's  and  B's  gain::..D.60  C's  gain/ 

11.  A,  B  and  C  companied  ;— A  put  in  ;f  .40  ;  B  60,  and  C  a  sum 
unknown  :  They  gained  ^^,'.72  ;  of  which  C  took  £.'y2t'or  his  share  : 
What  did  A  and  B  gain,  and  C  put  in  ? 

The 
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le  whole  gam  ^.72— C's  gain  £.32=/; AO.  A's  and  B's  gain  : 
I,  As/;. 100,  A's   and    B's    stock  :  ^.40  their  gain  ::  £A0  A's 


The 
Then, 

stock  :  £.16,  his  gain.     Again,  As,C.I6  A's   gain  :  ^.^O,  his  stock 
::  ;C.32,  C*s  gain  :  >C.80,  his  stock. 

12.  A,  B  and  C  put  in  D.720,  and  gained  D.540,  of  which,  so  oft- 
en as  A  took  up  D.3,  B  took  5,  and  C  7  :  What  did  each  put  in  an<J 
gain?  D.     D. 

D.  D.  D.  D.      rs  :  108  A*sgain.7 

As  3  +  5+  7  :  540  ::  4  5  :  180  B's  ditto   I 

(.7  :  252  C'sditto.J 

D.      rs  :  144  A's  stock. 7 

And,  as  3  +  5  +  7  :  720  ::  -{  5  :  240  B's  ditto.  I 

L7  :  336  C's  ditto.  J 

Or,  you  mny  find  a  common  multiplier  to  multiply  the  proportions 
by,  or  multiplicand  to  be  multiplied  by  the  given  proportions,  thus, 
15)720(48  multiplicand  to  find  the  stocks. — And  15)540(36  multipli- 
cand to  find  the  gains. 

D.  D.   . 

48X3=1 44  A's  stock.  1  f  36x3=108  A's  gain. 

48X5=240  B's  ditto.  I  And  <  36x5=180  B's  ditto. 

48x7=336  C's  ditto.  J  (.36x7=252  C's  dittto.  as  before. 

13.  A,  B,  C  and  D  companied  ;  and  gained  a  sum  of  money 
of  which  A,  B  and  C  took' ^".120,  B,  C  and  D,  ^^.180,  C,  D,  and 
A,;^'  160,  and  D,  A  and  B,  £.140  ;  What  distinft  gain  had  each  ? 

The  sum  of  these  4  numbers  is  ^.600,  and  as  each  man's  money 
is  named  3  times,  therefore  ^,  viz.  ^^.200  is  the  whole  gain — 
Therefore  £.200— /".l^O  A's," B's  and  C's  gain=/;.80  D's  gain  ; — 
And  £200->£.180  B's,  C's  and  D's  gain=£.20  A's  gain.— 
;f.200— ^.160  C's,  D's  and  A's  gain=^' 40  B's  gain. — And 
2*.200— 2*-1^0l^'s,  A's  and   B's  gain=^.60  C's  gain. 

14.  Two  merchants  companied  ;  A  put  in  ^^.40,  and  B  288 
ducats.  They  gained  ;^.  135,  of  which  A  took  ^'-CO*  What  was 
the  value  of  a  ducat  ? 

As;^.60,  A's  gain  :  /*  40,  his  stock  ::  ;^.135  the  whole  gain — 
£.60,  A's  gain  :  ;^.50,  B's  stock. 

Due.    £.    Due.    s.    d. 
And,  as  288  :  50  ::  .1  :  3  5|.  Ans. 

15.  Four  men  spent,  at  a  reckoning,  20  shillings,  of  which  they 
agreed  that  A  should  pay  |,  B,  i,  C,  ^,  and  D,  i-.  What  must  each 
pay  in  that  proportion  ? 


15     0  :  9     Sf?*) 
£•£'  £    £•  s.  J     10     0:  6     lUL 


As  ^  +  i  +  -;-l-^  ;  20  :;       )      5     0:3     0 


s.  d.      s.      d. 

i  I 
I  I 

Answer. 


2     6:1 


'TW. 

DOUBLE, 


DOUBLE  FELLOWSHIP.  14& 

DOUBLE  FELLOWSHIP* 
Or,  Fellowship  with  Time,  is  occasioned  by  the  shares  of  partners  be- 
ing continued  unequal  times. 

Rule. 
Multiply  each  man's  stock,  or  share,  by  the  time  it  was  continued 
in  trade.     Then, 

As  the  whole  sum  of  the  produds,  is  to  the  whole  gain  or  loss,  so 
is  each  man's  particular  produ<5l,  to  his  particular  share  of  the  gain 
or  loss. 

Examples. 
1,  A,  B  and  C   hold  a   pasture  in  common,  for  which  they  pay 
40l.  per    annum      A    put  in    9  oxen  for   5    weeks  ;  B,  12  oxen  for 
7  weeks,  and  C  8  oxen  for    16   weeks.     What  must  each  pay  of  th© 
rent  ? 

9X5=45.     12X7=84,  and  8X16=128,  then    128+84+45=257 

As  257:  40::  45      As257:40::84     As  257  :  40  ::  128 

45  84  40 


200 
160 

160 
320 

257)5120(19 
257 

257)1800(7 
1799 

257)3360(13 
257 

2550 
2313 

1 
20 

790 
771 

23T 
20 

257)20(0 
12 

19 
20 

257)4740(U 
257 

257)240(0 
4 

257)380(1 
257 

2170 
2056 

257)960^3 
771 

123 
12 

114 
12 

189 

1 

257)1476(5 
1285 

257)1368(^ 
1285 

191   ^ 
4 

83 

4 

257)764(2 
514 

257)332(1 
257 

I 

}  250  75 

\  2.  Four 

•  When  times   are   equal,  the  ftiares  of  the  jfaln  or  lofs  are  evidently  as  thg 

^    Aocks,  as  in  Single  Fellowfliip  ;  and  when  tlie   flocks  are  equal,  the  fliarcs  are  Os 

the  times  ;  wherefore,  when  neither  are  equal,  the  ibare»  bioft  be  sn  ihrir  pr#- 

X 
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2.  Four  merchants  traded  in  company  ;  A  put  in  D.400  for  five 

months,  B,  D.600  for  7   months,  C,  D.960   for  8  months,  and  D, 

D.I 200  for  9   months  ;  but  by  misfortunes  at   sea,  they  lost  D.750. 

What  must  each  man  sustain  of  the  loss  ? 

.  f  A,  D.94  93c.  6f^m.         C  D.227  84c  S^^m.l 

Answer,    |j^       ^^^  ^^      ^^  j^       ^84   81    Oi^     j 

3.  A,  with  a  capital  of  lOOl.  began  trade  January  1st  1787,  and 
meeting  with  success  in  his  business,  he  took  in  B  as  a  partner,  on 
the  1st  day  of  March  following,  with  a  capital  of  150l.  Three  months 
after  that,  they  admit  C  as  a  third  partner,  who  brought  into  stock 
1801.  and  after  trading  together  until  the  1st  of  January  1788,  they 
found  there  had  been  gained  since  A's  commencing  business,  1771. 
1 3s.     How  must  this  be  divided  among  the  partners  ? 

Ans.  A,  631.  l^s.  8d.     B,  67h  5s.  lOd.     C,  56l.   10s.  6d 

4.  Two  merchant!  entered  into  partnership  for  18  months  ;  A,  at 
first,  put  into  stock  D  400,  arid  at  the  end  of  8  months  he  put  in 
D.200  more  ;  B,  at  first,  put  in  D.I  100,  and  at  4  months'  end  took  out 
D.280.  Now  at  the  expiration  of  the  time,  they  found  they  had  gain- 
ed D.  1 052.     What  is  each  man*s  just  share  ? 

Ans.  A,  D.385  90c.     B,D.666  10c. 

5.  A  and  B  companied  ;  A  put  in  the  1st  of  January,  150l.  ;  but 
B  could  not  put  in  any  until  the  1st  of  May  :  What  did  he  then  put 
in,  to  have  an  equal  share  with  A  at  the  year's  end  ? 

As  12  :  150  i:  8  :     L2^Sl£  =  £.225  Ans. 

8 

6.  A,  B  and  C  companied  ;  A  put  in,  the  first  of  March,  301. 
B,  the  1st  of  May,  put  in  80  yards  of  broadcloth  ;  and  on  the  1st  of 
June  C  put  in  120  dollars.^  On  the  1st  of  January  following,  they 
reckoned  their  gains,  of  which  A  and  B  took  2281.  B  and  C  2151. 
10s.  and  C  and  A  1871.  10s.  What  was  the  whole  gain,  and  the 
gain  of  each  ?  What  did  they  value  a  yard  of  cloth  at  ?  and,  what 
was  C's  dollar  worth  ? 

2281. +  2151.  10s  +  1871.  10s.  =  6311.  and  631  -f-  2=  3151.  10s. 
the  whole  gain  ;  then,  3151.  lOs— 228  =  87l.  10s.  C's  gain. 
3151.  10s.— 2151.  10s.  =  1001.  A's  gain,  and  3151.  10s.— 1871.  10s. 
=  12S1.  B's  gain.  To  fin^  the  value  of  one  yard  of  cloth,  say.  As 
1001.  A's  gain  :  301.  his  stock  ::  1281.  B's  gain  :  381.  8s.  ;  then,  in- 
versely, As  10  months  :  381.  8s.  ::  8  months  :  4-81.  the  value  of  the 
whole  cloth.  ' 

As  80yds.  :  481.  ::  1yd.  :  12s.  answer.  Now,  to  find  the  valtie 
of  a  dollar.  As  lOOl.  A's  gain  :  301.  his  stock  ::  871.  10s.  C's  gain  ; 
261.  5s.  ;  then,  inversely.  As  10  months  :  261.  5s  ::  7  months  :  371. 
10s.  =  120  dollars.  Lastly  :  As  120  dollars  :  371.  10s. ::  1  dollar  : 
6s.  3d.  Answer. 

FELLOWSHIP 
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FELLOWSHIP  Br  DECIMALS, 

Rule.* 

Divide  the  wHole  gain,  or  loss,  by  the  whole  stock,  or  sum  of  all 
the  produces,  as  the  case  requires,  and  the  quotient  multiplied  sever- 
ally, by  each  man's  stock,  or  produd,  vi^ill  give  tlie  gain  or  loss  of 
each.  • 

Examples. 
I.  A,  B  and  C   companled,   A  put 
C,  1611.  with  which  they  gained  1201.  : 
the  gain  ? 

A's  Stock   =r     40-25 
B's   ditto     =     JiO-5 
C's   ditto     =  161- 


in  401.  .5s.  ;  B  801.  10s.  and 
What  is  each  man's  share  of 


Sum  total 
•1259 
40-25 

21295 
8518 
17036 

,C.17'142475 
20 

2  849500 
12 

10-194000 
4 

0  776000 


=  281-75)120-000000(-4259+ 
•4259 
80-5 


21295 
34072 

;C.34-28495 
20 


5-69900 
12 


•4259 
161 

4250 
25554 
4259 

^.68-5699 
"     20 


8-388 
4 

1-552 


11-3980 
12 

4-776 
4 

3104 


Proof.      A's  gala    171.   2*.   lOd.  +  B's  gain  341.  5s.  8^d.  +  C:y<s 
gain  681.   lis.  4|d.  =  1191.   19s.   lid. 

2.  A,  B  and  C  companled  ;  A  put  in  D.400  for  8  months  ;  B 
D.SOO  for  9  months  ;  and  C  D.175  for  12  months  j  with  which  they 
gained  D.720.    Required  the  share  of  each  \ 
D.       Mo.     Prod. 
A     400  X     8  =»  3200 
B     300  X     9  =.  2700 
C      175  X  12  =  2100 


Sum  ofproduas  =  80()0)720-(-09=  quotient. 
D. 
3200  X  -09  =  288  =  A*s  share, 
2700  X  -09  =  243  =  B's  ditto,  J.  Ans. 
2100  X  -09  =  189  =  C^  ditto, 

*  Tfiis  is  no  more  than  Divifion  of  Dccimtfe.  • 


3.  A. 
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3.  A,  B,  C  and  D  trade,  and  gain  2001.  which  is  to  be  divided  in 
the  following  manner,  viz.  so  often  as  A  has  61.  B  must  have  101.  C, 
141.  and  D,  201.     What  is  the  shan-  of  each  ? 

6  +  10+  14  +  20  =  50,  and  ^^f  =  4,  quotient  ;  then  6x4  =.241. 
A's  gain  ;  10X4  =  401.  B*s  gain  ;  14  X  4  =  561  C's  ;  and  20  X  4  = 
801.  D's  gain. 

4.  An  insolvent  estate  amounting  to  D.633  60c,  is  indebted  to  A 
D.312  75c.  to  B  D.297,  to  C  D.50  25c.  to  D  25c.  to  E  D.200,  to 
FD.142  50c.  and  to  G  D.21  25c.;  what  proportion  will  each 
•reditor  receive  ? 

633-6 

or. 


312  75  +  297  +  50-25  +-25  +  200  +  1425  +  21 

•24 

61c,  8|m.  on  a 

dollar. 

And, 

D.     c. 

D.     c.     m. 

• 

312-751 

r  193-51   4J^  = 

A's  proportion. 

297- 

183-76  8|    = 

B's  ditto. 

50-25 

31-09  2T'7r  = 

C's  ditto. 

•25 

X '61875=     ^        -15  444  = 

D*s  ditto. 

200- 

123-75 

E's  ditto. 

142  50 

88-17   1^    = 

F's  ditto. 

21-25J 

L    13-14  8tV  = 
Proof.  D.'633  60 

G's  ditto. 

PRACTICE 

IS  a  contraftion  of  the  Rule  of  Three  Direft,  when  the  first  term 
happens  to  be  an  unit,  or  one  ;  and  has  its  name  from  its  daily  use 
among  merchants  and  tradesmen,  being  an  easy  and  concise  method 
of  working  most  questions  which  occur  in  trade  and  business. 

The  method  of  proof  is  by  the  Rule  of  Three,  Compound  Multi- 
plication, or  by  varying  the  order  of  them. 

General  Rule. 

1.  Suppose  the  price  of  the  given  quantity  to  be  ll.  or  Is.  &c. 
then  will  the  quantity  itself  be  the  answer  at  the  supposed  price, 

2.  Divide  the  given  price  into  aliquot  parts,  either  of  the  supposed 
price,  or  of  one  another,  and  the  sum  of  the  quotients  belonging  tg 
each  will  be  the  true  answer  required. 

ExAmplb^ 
What  is  the  value  of  468  yards,  at  2s.  9^d.  per  yard  ? 
£AQS  s.     d         Answer  at  ^.1  s.  d, 

2s.  6d.  is  4-  =  58   10  0  ditto  at  0  2  6 

.     3d.  is  j^"^  =    5   17  0  ditto  at  0  0  3 

^d.  is  x'?  =    0     9  9  ditto  at  Q  0  OJ 


The  full  price  =£.  64   1 6  9  0  2  9  J 


u 
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In  this  example  it  is  plain,  that  the  quantity  468  is  the  answer  at 
ll.  ;  consequently  as  2s.  6d.  is  4-  of  a  pound,  ^  part  of  that  quantity,  or 
581.  I  Os.  is  the  price  at  2s.  6d  ;  in  like  manner,  as  3d  is  the  y'^  part 
of  2s  6d.  so  Y^  part  of  581.  10s.  or  51.  17s.  is  the  answer  at  3d.  and 
as  -^d.  is  Y^  of  3d.  so  yq  of  5l.  17s.  or  9s.  9d  is  the  answer  at  ^d. — 
Now,asthe  sum  of  all  these  parts  is  equal  to  the  whole  price  (2s.  91-d.) 
so  the  sum  of  the  answers  belonging  to  each  price  will  be  the  answer 
at  the  full  price  required,  and  the  same  will  be  true  in  any  example 
whatever. 

General  Rule, 

To  find  the  value  of  goods  in  Federal  Money. — Multiply  the  price 
and  quantity  together  ;  point  off  in  the  produdl,  for  denominations 
lower  than  dollars,  as  many  places  as  there  are  in  the  given  price  ; 
or,  if  there  be  decimal  places  in  the  quantity,  (or  lower  denomina- 
tions previously  reduced  to  decimals,)  according  to  multiplication  of 
decimals. 

Examples. 

1.  What  cost  823  yards,  at  Dl  2Qc.  per  yard  ? 

D    c.        D.     c. 
823  X  1-29=  1061  67,   Ans. 

2.  What  cost  56  yds.  2  qrs.  at  D.3-1 1   per  yard  ? 

56  yds.  2qrs.  =56-3  yds.  ;  and  56*5  X  3-11  =  D.175  7Ic.  5m.  Ans. 

Before  the  questions,  hereafter  given,  can  be  wrought,  the  follow- 
ing Tables  must  be  perfectly  gotten  by  heart. 


TABLES. 

Aliquoty  or  even  Parts  of  Money, 


Pt5.of  aflia.ofa£ 

Parts  of 

a  Pound. 

Parts  of  a  Dollar. 

d.        s.    . 

£' 

s. 

d. 

£■ 

c. 

D. 

6    =i  = 

¥ff 

10 

0 

= 

h 

50 

= 

1 

5 

*    =i  = 

1 

6 

8 

= 

i' 

33| 

= 

4 

3    =  i  = 

ITO- 

.'5 

0 

= 

1 

25 

= 

I 

2    =i  = 

\ 
T2^ 

4 

0 

= 

1 

T 

20 

= 

1 
T 

1^=4  = 

TiSTJ- 

3 

4 

= 

1 

«5" 

m 

= 

I 
If 

1 

2 

6 

= 

1 

IT 

12^ 

= 

1 
IT 

7a^ 

1 

8 

= 

I 
Til 

8i 

= 

1 

^  =  ?r?  = 

TffTT 

1 

4 

= 

TT 

6i 

= 

1 

T  =  A  = 

5'(r   TF 

1 

3 

= 

1 

5 

= 

L 

Parts  of  2  Shill. 

1 

0 

= 

!?ff 

4 

= 

vs 

d. 

2s. 

0 

10 

= 

?V 

2 

= 

za 

1 

1 

0 

8 

= 

1 

li       = 

1 

0 

5 

= 

TfK 

?          = 

\ 

0 

2i 

=: 

1 

3        = 

1 

ir 

4        = 

1 
s 

' 

Q        = 

1 

2jr 

8 

1 

Artqui 
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Aliquot^  or  even   Parts  of  Weight, 


Parts  of  a  Cwt. 
Qys.  lb.  Cwt. 
2  0 
1  0 
0  16 
0  14. 
0  8 
0  7 
0     4 


^ 

28 

1 
■5" 

14 

T 

8 

T 

7 

T¥ 

4 

rs- 

5V 

Parts  of  I  Cwt. 
lb.  \  Cwt. 


"^       r^ 


Parts  of  4  Cm 
lb. 
14 

7 

4 

2 


:^Cwt. 

1 

IT 

I 

3:4c 


Parts  of 

Cwt. 

qr. 

10 

0 

5 

0 

4 

0 

2 

2 

2 

0 

1 

1 

1 

0 

Another  Table 
Partf  of  a  Shill. 

d. 

10 
9 
8 

n   - 


of  aUqu§t  Parts  of  Money, 

Parts  of  a  Dollar. 
c.  D. 


Parts  of  a  Pound, 
s.    d.  £. 


18    0 

17    6 

16    8 

16    0 

15    0 

14    0 

13    4 

12    6 

12    0 

8    0 

7    6 

6    0 


9 

1 

5 
«• 

8 
TIT 

3 

4- 

1 

'2 
5 
6 

T?r 

4 

TU 

3 
If 

3 


93| 

= 

I  5 

911 

=> 

I  1 

90 

=» 

9 

87^ 

= 

1 
■ff 

834 

=» 

* 

811 

= 

1  3 

80 

= 

4 

T 

75 

= 

s 

70 

= 

7 

68| 

= 

1  1 

e&i 

= 

ft 

60 

=3 

3 
3" 

58| 

=: 

5i^^ 

=: 

9 

rs- 

434 

=: 

7 

411 

= 

5 

40 

= 

ft 
T 

374 

= 

3 

su 

= 

5 

30 


18| 


3 


-        T?^ 


a  Ton, 
T. 


1 


A  TABLE  OF  DISCOUNT  PER  CENT. 


14  per  cent 


s.d.^ 

1 

t=0  3   i    g 

=06   1   ^ 

=09  !>::, 

=1 0 

0 

c 

=1 3 

=16  J 

1 

£■ 

8|per  cent.=l 


;;10 

M 

15^ 
I7i 
20 


=2  0 
c=2  6 
=3  0 
=3  6 
^4  0 


22gper  cent, 

25  

30  

35  r 

40  

45  

50  


s  d. 
,=  4  6 
=  50 
=  60 
=  70 
=  80 
=  90 
=10  0 


Though  the  general  rule  given  above  is  sufficient  for  answering  any 
question  in  Practice,  yet  some  may  perhaps  be  answered  more  easily 
by  other  rules.     Several  cases  follow. 

CASE 
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CASE     I. 

iVhett  the  price  of  1  y^l.  \h,  ^c.  is  an  even  part  of  one  shilling  :  Find  the 
value  of  the  given  qnantiy  at  Is.  per  yard,  lb.  &c.  ;  then  (^raw  a  line 
underneath,  and  divide  by  that  even  part,  and  the  quotient  will  be  the 
answer  in  shillings,  which  must  always  be  brought  into  pounds. 

Examples. 

1.  What  will  S5^,  yards  cost,  at  ^d.  per  yard  ? 

s.     d. 
l^d.j^Vl^^i  6  value  of  354^  yards,  at  Is.  per  yard. 


Ans.  jr,0  7  4t  value  of  354-1  yards,  at  ;*;d.  per  yard. 
Or  divide  by  8  and  6,  thus,  8)354  6 

6)44.  3| 

7  4i  Ans.  as  be^ 


Or  thus. 

jT.    s.  d     s.     d. 
8)17   14  6=354  6 


6)2     4  3| 

7  4^  Ans.  as  before. 
2.  What  will  759|  yards  come  to,  at  3d.  per  yard  ? 
3d.|^|759     9  value  at  Is.  per  yard. 

£.    s.     d. 

2(0)18,9  1 1:5:        Or  thus,  |3d.|^|37  19     9  value  at  Is.  per  yard. 

r    Ans.,G.9  9  ll^valueatSd.  Ans.  £.9     9  11^  value  of  759|  yds.  at 


per  yard. 

Answers. 
£.  s.   d. 


Questions. 
Yds. 

7.  685|  at  2d. 

8.  475i  —  4d. 

9.  913^—  6d. 


3d.  per  yard. 

Answers. 
£,  s.   d. 
5  14  3i 


7   18  5 
22  16  9 


Questions, 
yds. 

3.642    at  id.  per  yd.  0  13    4^ 

4.  918i:  — id.    1  18    34 

5.  739^— Id.    3  "l    7i- 

6.  567i— Ud 3  10  Hi 

CASE     II. 
IThen  the  price  is  pence,  and  no  even  part  of  a  shilling  :     Find  the  value 
•f  the  given  quantity  at  Is.  per  yard  ;  divide  the  pence    into  aliquot 
parts,  for  divisors,  and  the  sum  of  the  quotients  arising  from   them, 
will  be  the  answer. 

Examples. 

1.  What  will  487i  yar«ls  come  to  at  5d.  per  yard  ? 
^.s.    d. 


3d. 
2d. 


24  7     6  value  of  487i yards,  at  Is.  per  yard. 

6  1  ^0^  value  of  ditto,  at  Sd.  per  yard. 
4  13     value  of  diao,  at  2d.  per  yard. 


Ans.  £".10  3     1^  value  of  ditto,  zt  5d.  per  yard. 


Questions. 
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Questions. 
Yds. 
2.  568^  at  7d.  — 

.^.  6831  —  8d.  — 
4.  912^  — 9d.— 

Answers. 
£,     s.     d 

—  16  11     5% 

—  22  15  Ifi 

—  34     4     4J 

Questions. 
Yds. 

5.  649^:    at  lOd. 

6.  745|—    lid. 

Answer. 

^.  s    d. 

27   1     % 

34  3    7t 

CASE.    III. 

When  the  price  is  betaveen  one  and  invo  shillings  :  Find  the  value  of  the 
quantity  at  is  per  yard,  &c.  which  A^alue  being  divided  by  those  even 
parts  which  the  pence  are  of  Is.  and  the  quotient  or  quotients,  arising 
therefrom,  added  thereto  j  the  sum  will  be  the  answer. 


Examples. 

1.  \Vhat  will  758t  yards,  at  Is.  9d.  per  yard,  come  to  ? 
37     18     6     value  at  Is.  per  yard. 
18     19     3     value  at  6d.  per  yard. 
9       9     7^  value  at  3d.  per  yard. 


fid. 
3d. 


Ans.  cm      7 

4i  value  of  758^  yds.  at  Is.  9d.  per  yard. 

Questions. 

i-inswers. 

Questions.                    A  nswers. 

Yds. 

£  s.  d. 

Yds.                           £.    s.    d. 

2.  793     at      12Jd. 

42     2     (il 

6.  896^:  at  Is.     6d.      67     4  4|. 

3.  847|— Is.     Id. 

45  18     1^- 

7.  458    —  Is.     7d.      36     5  2 

4.  846i— Is.     4d. 

56     8     8 

8.  7^21  — Is.  lOd.     68  19  7 

5.  6471 -Is.     5d. 

45  17     7| 

CAS  I 

:    IV. 

When  the  price  is  any  even  number  of  shillings  under  24  :  Multiply 
the  given  quantity  by  half  the  price,  and  double  the  first  figure  of  the 
produdl  for  shillings-     The  rest  of  the  produd  will  be  pounds. 

N.  B.  If  the  price  be  2s  you  need  only  double  the  unit  figure  for 
shillings.     The  other  figures  will  be  pounds. 

Examples. 


1st. 


What  will  746  yards  cost  at  2s.  per  yard  I 
746 


Ans.   /*.74   12  value  at  2s.  per  yard. 

Note.  The  above  is  done,  by  saying  twice  6  (the  unit  figure)  is  12, 
The  other  figures,  viz.  74,  are  pounds, 

2d   What  will  567-|yds  at  2s.  per  yard  come  to  ?  Ans  jf  .56  15s.  ed. 

N.  B.  Before  I  double  the  unit  figure,  viz.  7,  I  consider  that  ^ 
pfa  yard  at  2s  per  yard,  will  amount  to  Is  6d.  Then  1  doubk  7, 
w^hich  makes  14s.  and  Is.  6d.  added,  makes  15s.  6d.  The  other 
figures  are  pounds. 


Questions. 
Yds. 


Answers. 


CASE 
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CASE    V. 

U^hen  the  price  (wants  an  even  part  of  2j.  .•  First  find  the  value  of  the 
the  whole  quantity  at  2s.  per  lb.  yard,  &c.  then  divide  it  by  that  even 
part  which  is  wanting,  and  subtraft  this  quotient  from  the  value  at  2s. 
/The  rem4inder  will  be  the  answer. 

Examples. 
1,  What  will  J95j  yards  cost  at  22d.  per  yard  ? 

2dt  ( V?  I  9     ' '       ^  value  at  2s.  per  yard. 
I  0      15      II  value  at  2d.  pei  yard. 


Ans;C-8     15  1   value  at  is.  lOd.  per  yard. 
Questions.  '      Answers. 

Yds.  £.     s.     d. 

2d.       64  at    23d.    per  yd.      6     2     8 

3d.     128  —   224d 12     0     0 

4th.  246i  —  21d.    . 21    11     4^ 

5th.  375^  —  20d.    31     5     5 

CASE     VL 

l^hen  the  price  is  hetween  %.  and  3j.  :  First  find  the  value  of  the  quan.- 
tity  at  2s.  per  yard,  &c  which  validjbeing  divided  by  those  even  parts 
which  the  pence  are  of  2s.  and  those  quotients  added  thereto,  the  suip 
tvill  be  the  answer. 

Examples. 


1st.     What  will  1485^  yards  come  to  at  2s.  7d.  per  yard  ? 
£.  s    d. 
'       14   17     0  value  at  2s   per  yard. 
2     9     6  ditto  at  4d.  per  yard. 
1    17     l^ditto  at  3d.  per  yard. 


4d. 
3d. 


Ans.  ^19     3     75  value  at  2s.  7d.  per  yard 
per.  yd. 


Questions. 

Yds. 

2d.      266i  at 

2s. 

Id. 

3d.      344.     — 

2s. 

Ud 

4th.     543^  — 

2s. 

2d. 

5th.     813     — 

2s. 

5d. 

Answers. 

/•. 

s. 

d. 

27 

14 

«t 

36 

11 

0 

58 

17 

7 

98 

4 

9 

CASE    VII. 

When  there  are  pence  in  the  price  nvhich  are  an  even  part  of  a  shiUingy  he- 
sides  an  even  number  of  shillings  under  20  .•  First  find  the  value  of  the 
quantity  at  the  shillings  per  yard,  &c.  according  to  Case  4tli  :  then 
suppose  the  quantity  to  stand  as  shillings  per  yard  ;  divide  it  by  the 
that  even  party  which  the  pence  are  of  Is.  and  this  quotient  being  ad- 
fl^d  to  the  value  before  found,  the  sum  will  be  the  answer. 
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Examples. 
1st,  What  will  156 J  yards  come  to,  at  6s»  4d.  per  yard  1- 
Yds. 
1561 
s.     d.  3 

I  4d.  I  J  I  156  6 


^.46  19  0  value  of  156^  yards  at  6s  per  yard. 
52s.  2dr  =2  12  2  value  of  ditto  at  4d.  per  yard. 

Ans.  ;f  .49  112  value  of  ditto  at  6s.  4d.  per  yard. 
per  yd. 


Questions. 

Yds     . 

s. 

d. 

2d. 

17i  at 

4 

0^ 

3d. 

59^  - 

6 

0^ 

4th. 

68^  — 

8 

1 

5th. 

96     — 

10 

U 

6th. 

67i- 

12 

2 

CASE 

Answers. 

£• 

s. 

d. 

3 

10 

8|         . 

18 

2 

2| 

27 

11 

«t 

48 

12 

0 

41 

1 

3 

der  20  : 

Find  the  value 

VJII. 

IVhen  the  price  is  any  odd  number  of  shillings  under  20 
of  the  greatest  even  number  contained  in  the  price,  according  to 
Case  4th,  and  add  thereto  the  value  of  the  quantity  at  Is.  per  yard, 
&c.  which  sum  will  be  the  answer  :  Or,  Multiply  the  quantity  by 
the  price,  according  to  the  1st  or  2d  Case  in  Simple  Multiplication, 
and  divide  the  produft  by  20,  the  quotient  will  be  the  answer  :  Or, 
lastly,  if  the  price  be  not  more  than  12s.  find  the  value  of  the  quanti- 
ty at  Is.  per  yard,  &c.  and  multiply  it  by  the  number  of  shillings  is 
the  price  of  1  yard  ;  the  produd:  will  be  the  answer. 

Examples. 

1st.     What  will  186  yards  cost,  at  3s.  per  yard  ? 

£■    s. 

18     12  value  at  2s.  per  yard. 
9       6  ditto  at  Is.  per  yard. 


jf.27     18  Ans. 

Or  thus. 

9     6  value  at  Is.  per  yard* 
3 


Produa  £.27     18  Ans. 


2d.     What  will  647  yards  cost,  at  17s.  per  yard  ? 
8 


£.51'7   12  value  at  16s.  per  yard. 
32     7  ditto  at  Is.  per  yard. 

Ans. ^.549  19  ditto  at  17s.  per  yard. 

"    '■  '.Que5tionsi 
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Questions.  Answens, 

Yds.          s.  £,     s.     d. 

3d.       i69g-  at      5  per  yd.  42     6     3 

4th.     248|  —     7  87     1     3 

5th.     1S9     —     9  62  11     0 

6th.     782    —  25  977  10     0 

CASE     IX. 

IV/jen  the  pries  is  an  even  part  of  a  pound :  Find  the  value  of  the  given 
quantity,  at  one  pound  per  yard,  &c.  then  draw  a  line  underneath, 
and  divide  it  by  that  part  ;  the  quotient  will  be  the  answer. 

Examples. 
ist.  Wliat  will  156|-  yards  of  cloth  come  to,  at  3s.  4d.  per  yard .? 
s.  d.       '    £.    s.    d. 
I  3  4|    ^   I  156  15  0  price  at  11.  per  yard. 

Ans.  ;^.26     2  6  price  at  3s.  4d.  per  yard. 


Questions.  Answ,eis, 

Yds.        s.  d.  £.  s.  d. 

2d.      516|  at    1   0  per  yd.  25   16  » 

3d.       624     —   1   3    39     0  0 

4th.     719i  —  1   4    47   19  4 

5th.     648     —  1   8    54     0  0 

CASE     X. 

When  the  price  wants  an  even  part  of  a  pound  :  First  find  the  value 
of  the  given  quantity  at  ll.  per  yard,  &c.  then  divide  it  by  that  even 
/>^r/ which  is  wanting,  and  subtrad:  this  quotient  therefrom  j  the  re- 
mainder will  be  the  answer. 

Examples. 
1st.  What  will  167  i  yards  cost,  at  1 7s.  6d.  per  yard  ? 
s.  d.  /,*.     s.  d. 

I  2  6  I    i    j  167   10  0  value  at  ll.  per  yard. 

20   18  9  ditto  at  2s.  6d.  per  yard. 


Ans.  ;^'.146  11   3  value  at  17s.  6d.  per  yard. 


Questions. 

Answers 

Yds. 

s. 

d. 

^. 

s. 

d. 

2d. 

347^ 

at 

13 

4 

per  yd. 

231 

13 

4 

8d. 

485^ 

— 

15 

0 

364 

6 

3 

4th. 

614 



16 

0 

491 

4 

0 

6th. 

912i 

— 

17 

0 

798 

4 

4i 

CASE     XI. 
IV hen  the  price  is  shillings ,  pence  and  farthings  t  and  not  an  even  part  ff. 
pound  :  Multiply  the  given  quantity  by  the  shillings  in  the  price  ot 

1  yard. 
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1  yard,  &c.  and  take  parts  of  parts  from  the  quantity  for  the  pence, 
&c.  then  add  them  together,  and  their  sum  will  be  the  answer,  in 
shillings,  &c.  Or  you  may  let  the  given  quantity  stand  as  pounds  per 
yard,  &c.  then  draw  a  line  underneath,  and  take  parts  of  parts  there- 
from ;  which  add  together,  and  their  sum  will  be  the  answer. 

N.  B.  I  advise  the  learner  to  work  the  following  examples  both 
ways,  by  which  means  he  will  be  able  to  discover  the  most  concise 
method  of  performing  such  questions,  in  business  as  may  fall  under 
this  case. 

Examples. 
1.  What  will  24^^  yards,  at  7s.  Gd,  per  yard,  come  to  ? 
|6|^|248s.  6d.  value  of  248|  yards,  at  Is.  per  yard. 
7 


1739  6  value  of  ditto  at  7s.  per  yard. 
124  3  value  of  ditto  at  6d.  per  yard. 

210)186|3  9 


Ans  ;f.93  3  9  value  of  ditto  at  7s.  6d.  per  yard. 


Or  thus, 
|6|J112    8    6  value  of  248^  yards,  at  Is.  per  yard. 
Multiply  by  7 


86  19     6  value  of  of  ditto  at  7s.  per  yard. 
6     4     3  value  of  ditto  at  6d.  per  yard. 


Ans.  £.93    3     9 


5  0 
2  6 


By  the  latter  pjyt  of  this  case, 
£.    s.  d. 
248  10  0  value  of  248^  yards,  at  1 1.  per  yard. 

62     2  6  value  of  ditto  at  5s.  per  yard. 

31      13  value  of  ditto,  at  2s.  6d.  per  yard. 


Ans.  ;^.93     3  9  value  of  ditto  at  7s.  6d.  per  yard. 


Questions. 
Yds. 

2.  68^     at 

3.  124       — 

4.  146       — 

5.  218^     — . 


4  6  per  yard. 

5  8  

14  9  

12  6  


Answers. 

£•    s.    d. 

15     8  3 

35     2  8 

107  13  6 

136  11  3 


CASE  XII. 

When  the  price  of  the  yard,  \h.  ^c.  is  pounds,  shillings  and  pence  :<  First, 
multiply  the  quantity  by  the  pounds,  and  if  the  shillings  and  pence  be 
ViXi  even  part  of  a  pound,  divide  the  given  quantity  by  that  part,  an4 

'  add 
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J57 


add  the  quotient  to  the  produ<a  for  the^answer.  But  if  they  be  not 
an  even  part  of  a  Jxpund,  you  must  take  parts  of  parts,  and  add  them 
together  as  before.  'Or,  reduce  the  pounds  and  shillings  into  shillings, 
and  multiply  the  quantity  thereby,  after  which,  take  parts  for  the 
pence,  and  add  the  whok  together,  and  their  sum  will  be  the  answer 
in  shillings,  &c. 

N.  B.  The  learner  should  work  the  following  questions  both  ways. 

Examples. 
1.  What  will  156  yards  of  broadcloth  come  to,  at  31.  6s.  8d.  per 
yard  ?  Or  thus. 


|6s.8d.|^1156  0  0  value  at  U. 
3      per  yard. 


156  value  at  Is.  per  yard.  ^ 
66  shillings  in  the  price  of  1yd. 


468  0  0 
52  0  0 


936 
936 


Ans.  £.520  0  0 


Questions. 
Yds. 


59| 

75 

68 


10296  value  at  3l.  6s.  per  yard. 
52 
52 


2l0)l(>l«bl0 
£,520  0  0 


Answers. 


£.  s.  d.                 £.  s.  d. 

at     6  5  0  per  yard.  2159  7  6 

—  368    199  3  4 

—  534 387  10  0 

»«    4^6  0    292  8  0 


CASE  XIII. 

JVhen  the  quantity  is  any  number  less  than  1000,  an  J  the  price  not  more 
than  I2d.  per  yardi  isfc.  :  Find  the  value  of  the  whole  quantity  at  Id. 
per  yard,  which  may  be  done  by  dividing  it  by  12,  mentally y  setting 
down  the  quotient  only  in  pounds,  or  shillings,  or  both.  Then  mul- 
tiply this  sum  by  the  pence  in  the  price  of  1  yard,  and  tlie  produd  will 
be  the  answer. 

Examples. 
1,  What  will  759i  yards  cost,  at  7d.  per  yard 
£.  s.    d. 
0  63  3^  value  at  Id.  per  yard 


!0r,  3 

Multiply  by 


3  3^  ralue  at  Id.  per  yard. 

7 


Ans.  ;f  .22  3  0,^  value  of  759^  yards,  at  7d.  per  yard. 


Questions. 
Yds. 

2.  975^    «it 

3.  846      — 


d. 
2 

^2 


per  yard 


Answers, 

£,    s.    d. 

8     2     7 

12     6     9 


CASE 


^158- 
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When  the  price  of  one  hundred  'weight  ^c  is  of  several  denominations,  and' 
the  quantity  likewise  :  Multiply  the  price  by  the  integers,  and  take  parts 
for  the  rest  from  the  price  of  an  integer  ;  which,  added  together, 
will  be  the  answer. 

Examples. 

1.  What  will  9Cwt.  3qrs.  14Ib.  of  sugar  come  to,  at  41.  17s«  4(J. 
jper  Cwt.  ? 


i 


^ 

rs.    lb. 

£.  s. 

d. 

2     0 

1 

? 

4  17 

4  price  of  1  Cwt. 

1     0 

9 

'''" 

0  14 

1 

"a 

Cwt.qr.  lb. 

43  16 

0  price  of  9     0     0 

2     8 

8    0     2     0 

1     4 

4    0     1      0 

Ans.  )C. 

0  12 

2    0     0  14 

48     1 

2  price  of  9     3  14 

Questions. 

Answers. 

Cwt.  qrs.  lb. 

;C.   ».     d. 

C.      s.     d. 

2.     8  1   16  Tobacco,  at  5  17     9  per  cwt. 

49     8     2J 

3.     7  3  19 

_    7  12     8  

60     9     01 

4.  12  1  24 

-    3  18  10  

49     2     7i 

5.  16  2  17 

6.  72  3  27 

7.  59  1   14  Sugar, 

-    2  15  11  

o    T  1         f 

46  11     1 
625  11   10| 
'84  17     li 

,1-1         ft        T     1 

at    lb    7 

lb.       oz. 

8.  27       iO  Coffee, : 

It     0     1     4  per  lb. 

1  16  10 

lb.oz.pwt.gr. 

9.   13  10  12  8  Silv 

at  4     7     6  per  lb. 

60  14  11^ 

oz.  pwt.  gr. 

10. 

17     6 

16 

)  Gold, 

at  3  16     8  peroz. 

m    8  10| 

CASE    XV. 

When  the  price  is  at  any  of  the  rates  in  the  second  PraBice  Talk  of  aliquot 
farts  :  Multiply  the  given  quantity  by  the  nuirerator,  arwi  divide  that 
produd  by  the  denominator  ;  if  the  price  be  pence,  the  quotient  will 
be  the  answer  in  shillings  ;  if  shillings,  the  answer  will  be  pounds. 

Ej^amples. 
1.  What  will  379  yards,  at  2.  What  will  149  yards,  at  6^; 

44d.  per  yard  come  to  ?  per  yard  come  to  \ 

379  149 


3 

3 

^)1137 
2|0)1412     11 

ll0)44|7 
Aijs.^44  14 

i^^s,^.7  2  li 

^esiioi;^, 
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Questions.  Answers. 

Yds.  s.  d.  £.    s.  d. 

3.  127  at  0  74  per  yard,  3  19  41 

4.  159  —  0  8  5     6  0 

5.  173  —  0  9  -—  6     9  9 

6.  241  —  0  10  10     0  10 

7.  249  —  7  6  93     7  6 

8.  357  —  12  6  223     2  6 

CASE    XVI. 
W/jen  the  price  is  any  even  number  of  shillings,  if  it  he  required  to  knoiv  tvhdt 
quantity  of  any  thing  may  he  bought  for  so  much  money  :  Annex  a  cypher  to 
the  money,  and  divide  it  by  half  the  price,  and  the  quotient  will  be 
the  quantity  to  be  purchased. 

Examples. 

1.  How  many  yards   of  cloth,  at  IBs.  per  yard,  may  I  have   for 
;f  .345  ? 

Half  the  price  =  9)3450  =  money  with  a  cypher  annexed. 


383^  yards,  Ans. 

Questions.  Answers^ 

s.  £,  Yds. 

2.  How  many  yds.  at  2  per  yd.  for  427  ?  4270 

3.  4  312  1560 

4.  6  917  3056|. 

5.  8  195  487i 

CASE  XVII. 

To  find  the  value  of  goods  sold  by  particular  quantities  ^y'vL.  I.  By  the  score* 
II.  Round  timber.  III.  By  5  score  to  the  hundred.  IV.  By  112  to 
the  hundred.  V.  By  6  score  to  the  hundred.  VI.  By  die  great 
gross.     VII.  By  the  thousand. 

L  To  find  the  value  of  goods  sold  by  the  score. 

The  price  of  one  is  given,  to  find  the  pri^e  of  one  score. 

If  the  given  price  be  shllhngs  and  pence,  or  only  pence,  divide  the 
given  price,  in  pence,  by  12.  The  quotient  will  be  the  answer  i« 
pounds,  and  the  remainder  will  be  so  many  times  Is.  8d. 

Examples. 

1.  At  9d.  each  :  What  is  that  2.  At  4s.  9d.  each  :    What  li 

per  score  ?  that  per  score  ? 

12)9d.(-75=;f.O     15     0  Ans.  48.  9d. 

Or  by  inverting  the  question.  12 

I  scQre=20=ls.  8d.  — 

9  12)57d. 


15s.e  £A  15  Ans. 


tt- 
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It  may  be  remarked,  that  when  the  price  is  shillings  and  pence,  the 
answer  will  be  just  so  many  pounds  as  there  are  shillings,  and  so  many 
times  Is.  8d.  as  there  are  pence.  If  farthings  are  given,  for  ^d.  reckon 
5d.  for  4d.  lOd.  and  for  |d.  Is.  3d. 


I 


TABLE  of  Aliquot  Parts. 


2  is  tV 
4—  i 

5—1 


is 


6 

8  — 
10  — 

3.  What   cost  7  ;    at   2s.   9d. 


3 

4 
2 


6 

TT? 

15^  ^ 


12  is 
14  — 


20  the  Integer. 

16  is 
18  — 


8 

9 
TIT 


per  score 


d. 
9 

3i 


4.  What  cost  17  ;  at  19s. 
s.      d. 
19     10 


lOd. 


per  score 


T 

1 
4: 

1 
To 


lU 


7    =     0  lU  17    =     16     10^ 

II.   Round  Timber, 

Forty  feet  make  a  load  or  ton  of  round  timber. 
If  the  given  price  of  a  foot  be  shiUings, 

Rule. 

Multiply  the  given  price  by  2,  and  the  produft  will  be  the  answer 
In  pounds. 

5.  What  cost  a  ton  at    3s.  per  6.  What  cost  a  ton  at  9s.  per 

foot?  3sx2=6l.  Ans.       foot?  9s.x2=18l.  Ans. 

If  the  given  price  of  1  foot  be  pence  only,  or  shilhngs  and  pence, 
divide  thegiven  price,  in  pence,  by  6  The  quotient  will  be  theanswerin 
pounds,  and  the  remainder  will  be  so  many  times  3s.  4d 

7th.  What  cost  40  feet,  8th.  At  Is.  9d.  per  foot  :  What 

at  1 7d.  per  foot  ?  cost  a  ton  ? 

6)17  6)21 


£.^2   16  8  Ans.  /  3   10  Ans. 

If  the  given  price  of  a  foot  be  farthings  only,  or  pence  and  far- 
things, divide  the  given  price  in  farthings,  by  6  ;  then  divide  thai 
quotient  by  4,  and  this  last  quotient  w411  be  the  answer. 

9th.  At  |-d.  per  foot :  What  10th.    At   13^  per  foot  :  Whsit 

cost  a  ton  ?  cost  a  ton  ? 

6)3  13^ 


4)0   10 


£,0    2  6  Ans. 


>C.2    4  2    Ans. 


Or, 
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Or,  suppose  every  shilling  In  the  price  to  be  2l.  every  penny  to  be 
3s.  4d.  and  every  farthing  to  be  lOd 

1 1th.     What  cost  40  feet   at         I2th.     What  cost   40  at  IS^d. 
•|d.  per  foot  ?  per  foot  ? 

s.  d. 
|d.  X  10;£"0  2  6  Ans,  10X2  =£.2     0  0 

34X    3=     0   10  0 
0  ^X  10=     0      18 


^^2   11   8 

III.*     Tojind  the  value  of  goods  sold  by  5  score  to  the  hundred, 

1st.  If  the  given  price  be  pounds  and  shillings,  or  shillings  only. 

Rule. 

Multiply  the  given  price  in  shillings,  by  5,  and  the  quotient  will 
be  the  answer  in  pounds. 

13th.   At  1 9s,  per  yard,  what  14th.  At  41.  1 3s   per  cwt.  what 

cost  100  yards  ?  cost  100  cwt.  or  5  tons  ? 

19s.  4      13 

5  20 

£  95  Ans,  .  93 

5 


/•465  Ans. 
2d.     If  the  given  price  of  1  be  pence  only,  or  shillings   and  pence. 

Rule. 

Multiply  the  given  price,  in  pence,  by  5  ;  then  divide  that  produdl 
by  12.  The  quotient  will  be  pounds  ;  and  the  remainder  so  many 
times  Is.  8d. 

15th.  If 


*  In  Federal  Money. — Remove  the  decimal   point   two  places  to  the  right  Wr 
the  anfwer. 

Examples. 

1.  What  cost  100  yards  atD.2  50c.  per  yard  ? 

D.2-50X  100  =  D.250,  Ans. 

2.  What  cost  100  yards  at  75c.  per  yard  ? 

D.-75X  100'-=D.75-,  Ans. 

3.  What  cost  100  yards  at  5c.  63  m   per  yard  ? 

D.-05625  X  100  =  D.5  625,  Ans. 

4.  What  cost  100  yards  at  37c.  5m.  per  yard  ? 

Ans.  D.37  50c. 

5.  What  cost  1 00  yards  at  68c.  Tim.  per  yard  ? 

Ans.  D.08  75e. 
X 


162 

PRACTICE. 

■ 

1 5th.  If!  yard  cost  9d, 

1 6th 

.  What  cost  100  bushels,' 

what  cost  100  yards  ? 

at  35s. 

4d.  per  bushel  ? 

9 

s.  d. 

Or, 

5 

35  4 

35s.  4d. 

— 

12 

[4d.  14!    5 

12)45 

424 

175 

£.3  15  Afls* 

S 

12)2120 

1    13  4 

£.U6  13  4 

£.nd  13 

4  Ans.         Here  5  is   di- 
vided by  4. 

3.  If  the  given  price  of  1  be  shillings  and  pence  :  Multiply  the 
price  by  5,  and  the  produft  under  the  place  of  shillings,  will  be  the 
answer  in  pounds,  and  the  produd  under  the  place  of  pence,  will  be 
so  many  times  Is.  8d. 

17th.  At  2s.  5d  per  bushel;  1 8th.     At  25s.    3d.    per  ton  : 

what  cost  100  bushels  ?  what  cost  100  tons  ? 

s.  d.  s.  d. 

2     5  25     3  Is.  8dx3  =65. 

5  5 


12     1  126     3 


;f.l2     1     8  Ans.  ;f -126     5  Ans. 

4.*  To  find  the  price  of  one  at  so  much  per  hundred  of  5  score. 

General  Rule. 
Multiply  the  given  price  by    12  ;  divide  the  produ<ft  by  5,  and  the 
quotient  will  be  the  answer  in  pence. 

Bui  ij  the  price  6e  pounds  only  : 
Rule. 

Divide  the  given  price  by  5,  and  the  quotient  will  be  the  answer  in 
shillings. 

I9th.  If 

*  In  FeJeml  Money.-^K&mo\'e   the  decimal  point  two  places  to  the   left  for  the 
anfwer. 

Examples. 
!.  If  100  yards  cost  D.250,  what  cost  1  yard  ? 

D.250  -f-  100  =  D.2-50  Ans. 

2.  If  100  yards  cost  D.75',  what  cost  1  yard  I 

D.75--r-  100  =  D.-75,  Ans. 

3.  If  100  yards  cost  D.5  62c.  5m.  what  cost  1  yard  ? 

D.5-625  -T-  100  =:D.'05625  =  5c.  6^m.  Ans. 

4.  If  100  yards  cost  D.37  50c.  what  cost   1  yard  ? 

Ans.  37c.  5m. 
a.  ff  100  yards  cost  D. 68  75c.  what  cost  1  yard  ? 

Ans.  68c.  7im,- 
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19th.  If  100  yds  cost  651. 
what  cost  1  yd.  ? 
5)65 

13s.  Ans. 


21st.   If  1 00  yards  cost  1 11.   7s. 
9d.  what  cost  i  yard  ? 
£,    s.    d. 
117     9 
12 


20th    If  100  yds  cost  21. 
what  is  that  per  yard  ? 
£,  s.    d. 
2   18     4 
12 


18s.  4d. 


6)35 


7d.  Answer. 


5)136   13 
12}2T 


6     7 


2s.  3|d.  Ans. 
In  dividing  27  by  12  (in  the 
21st  question)  the  quotient  is  2s. 
and  the  remainder  3d.  the  6  is 
^Q-  of  a  penny  =  one  farthing, 
and  the  7  is  of  no  account. 


TABLE  of  Aliquot  Parts.      1 00  the  Integer. 


5 
10 
20 


IPS 

1 
1 


25 
SO 
40 


3 
TO 


1^ 


50 
60 
70 


6 
TTT 


75 

80 
©0 


22d.*  At  31.  7s.  6d.  per  100  :  What  will  23  cost  ? 
£.    s    d. 
7  6 


20 

1 

3- 

2 

1 
T^ 

1 

1  i 

13  67 

1  4  {.Add. 
0  8J 


I 

8 
TO 


23    =   £.0  15  6  Ans. 


23d.  At 


*  Tojindtbe  value  of  any.  number  at  a  giveu  price  fier  100,  iu  feJcral  money.-^fvliilti- 
piy  the  price  per  100  by  the  given  quantity,  and  point  off  two  right  Jiand  figures, 
in  the  product  more  than  required  by  multiplication  of  decimals.  Or,  point  off 
the  two  right  hand  places  in  the  given  quantity,  and  multiply,  and  point,  as  in 
multiplication  of  decimals. 


Examples. 

1.  What  cosi  .56  yards  at  D.87  50c  per  100  yards  ? 

D.87-5  X  -56 

=  D.49,  Ans.  Or,  D.87-5  X  '56  =  D.49,  as  before. 

100 

2.  What  coft  45^  lb.  beef  at  D.5^  per  100  ? 

=  D.2-5025  =  D.2  50c.  2im.  Ana.  Or,  D.5-5  X  -iS^^  —  D.2-5025,  a» 

100  [before 

3.  What  coft  375  yards  at  D.375  per  100»yardi  ?  Ans.  D.1404  i.>5c. 

4.  What  coft  54  yards  at  D.16  per  100  ?  Ani.  D.S  6^c. 

5.  What  c»ft  512  yards  at  D.e  2Sc.  per  100  yardi  ?  Ans.  D.Si. 
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23d.  At2l.  Is.  lOd.per   100; 
What  cost  1 8  ? 

£.  s.  d. 


20 


18 


10 


0  8     4J] 
0  0    10    j 


24th.  At  51.  9s.  6d.  per  100 
What  cost  35  ? 

£.  s.  d. 
5     9     6 
3 


Sub. 


10)16     8     6 


£.0  1     6|  Ans, 


12   10   1 
5     5|j 


Add. 


;^.    I    18     3|  Ans. 
IV.  To  Jin  J  the  value  of  goods,  sold  by   W  2lb.  the  Civf. 

.The  price  of  lib.  is  given  to  find  the  value  of  1  cwt. 

Rule. 
For  a  farthing,  account  2s.  4d  per  cwt.  For  a  half  a  penny,  ^s.  8d. 
For  three  farthings,  7s.   And  for  every  penny  9s.  4d    per  cwt. 

25rh.   What  cost  Icwt.  at  3^d.         26th.  A  t  8|d.  per  lb.  ;  What 
per  lb   ?  cost  1  cwt  ? 

At  Id   per-lb.         s.  d.  At  Id.  per  lb.         s.  d. 

Icwt.  costs  9  4  1  cwt.  costs  9  4 

3  8 


At  3d. 


Add. 


£A     8  07 
0     4  8] 

£.1   12  8  Ans. 


At  8d.  £.^ 


At^ 


3   14  8> 
0     7   oS 


Add. 


£A     1  8   Ans. 


V.  Tojind  the  value  of  goods  sold  by  6  score,  to  the  hundred. 

The  price  of  1  is  given,  to  find  the  price  of  1  hundred. 

Rule. 
Suppose  every   penny  in  the  price  to  be  so  many  pounds,  and  for 
the  farthings,  such  a  part  of  a  pound,  as  they  are  of  a  penny  ;  then, 
half  of  that  sum  will  be  the  answer. 

27th.    /*.  t  4^d.  per  yard  :  What .       28th.  At  I6s  9|d.  per  yard  ; 
cost  120  yards  ?  What  cost  120  yards  I 

£.  s.  s.  d. 

2)4     10  16   9^ 

12 

£2      5  Ans,  

2^2011.  5s. 


£.100  12  6  Ans. 
To  find  the, price  of  one,  at  so  much  per  hundred  of  6  score. 

RUL?. 

Multiply  the  price  by  2,  then  call  the  pounds  so  many  pence,  and 
the  shillings,  such  a  part  of  a  penny,  as  they  are  of  a  pound,  and  yon 
will  have  the  answer.- 

29th.  rf 
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29th.  If  120  yds.  cost  31.  1 2s. 
what  cost  1  yard  ? 
£.  s. 
3   12 
2 

7     4 


30th.  If  120  yds.  cost  5l.    1 8s. 
6d.  :  What  cost  1  yard  ? 
£    s.  d. 
5   18     6 
2 


11    17      0 


Ans.  74-d. 


TABLE  of  Aliquot  Parts. 
Also, 


Ans.   1  l|d.  +  -^-  of  farthing. 
20  the  Integer. 


6 
10 
12 
15 
20 

31st. 


|24    is 


r2l30 


60 


i!|36 

i:45 

i  50 
(70 


3 


2 

r 
s 

T2 

T2l" 


72   is   f 

75  1 

80      4 

84 ^^ 

90  1 

96   is   ^ 

100  1- 

105  -^ 

108      ^ 

110  — 

177 
1  I 

At  31.  17s.  6d.  per  hundred,  what  cost  14  ? 
£.  s.  d. 
12     rW     3    17   6 


7  9 

1    3 


■.I 


Add. 


4     =^.0     9  0^  Ans. 


32.  At  21.  13s.  6id.   per   hun- 
dred, what  cost  49  ? 

2  13     6| 


40 

1 

8 

1 

1 

1 

33.  At  11.  19s.  3d.  per  hun* 
dred,  what  cost  75  ? 

;f.    s.     d. 

1   19  3 


0  17 

10  0| 

0  3 

6  3^ 

0  0 

5  1 

8)9  16  3 

£.1     4  GI.Ans. 
49  =  ;C.l      1   10  1  Ans. 

VI.  To  find  the  value  of  goods  sold  by  the  great  gross* 

Note.  12  make  1  dozen,  12  dozen  1  small  gross,  12  small  gross 
1  great  gross. 

The  price  of  1  dozen  being  given,  in  pence,  to  find  the  price  of  a 
great  gross. 

Rule. 
Multiply  the  price  of  1  dozen,  in  pence,  by  3,  then  divide  that  prod- 
uft  by  5,  and  the  quotient  will  be  the  answer  in  pounds,  &c. 
For  proof,  do  the  contrary. 

N.  B.  If  the  price  of  1  be  given,  the  price  of  1  small  gross  is  found 
after  th§  same  manner. 

34.  What 
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34.  What  cost  1  great  gross,  at  18d.  per  dozen  ? 


5)54 


Sa. 


At4.s. 
4s. 
12 

51d. 
3 

5)153 


3d. 
3d. 


^10     16 
per  dozen,  "what  cost  1  great  gross  ? 


Add. 


Ans. 


12 
J6 
18 

24 

36. 


£.30  12  ;^.30  12  0 

TABLE  of  Aliquot  Parts. 
Also, 


£.20     12 
144  the  Integer. 


T2 

1 

I 
F 


j36      is 

48     — . 
172    — 


4!  60 

i|64 
80 


«2 

S 
4 
5 


84 

96 

108 

120 


•J 

1 

3 

7 


128 
132 


IS 


I  1 


At  21.  12s.  9d.  per  great  gross,  what  cost  45  dozen  ? 
Doz.        £,  s.     d. 
36    i    2     12     9 


13 
3 


Add. 


45  =  /'.0     16     51  Ans. 
37.  What  cost   117   dozen,  at         38.  At  31.  16s.  8d.   per   great 
91.  13s.  7d.  per  great  gross  i  gross,  what  cost  7  great  gross  and 


Doz. 
108 


117 


£'  s.  d. 

96  dozen  ? 

9  13  7 

£.  s.  d. 

3 

3  16  8 
2 

29     0  9 


7     5  2 
12 


n 


Add. 


;C.7  17  3i-Ans. 


3)7  13  4 

=    2  11   1^ 
Top  line  X7=  26  16  8 


Doz. 

96  = 


£-29  7  9t 
VII.*  To  Jind  the  ijalue  of  goods  sold  by  the  thousand, 

'the  price  of  1  is  given  to  find  the  price  of  1000. 

Rule. 
Multiply  the  given  price,  in  pence,  by  50,  then  divide  the  produA 
by  12,  and  the  quotient  will  be  the  answer  in  pounds,  &c. 

39.  At 
*  Sfeenoteon  next  page: 


39.  At 

what  cost 

(3 

50 

6d.  each  ; 
1000? 

Ans. 

PRACTICE. 

Or,  as    1000s.  are 
take    parts,  for 
pence  out  of  50. 
|6d.|i:50 

Ans.  25 

501. 
the 

2d. 

X 

4 

1 

16T 

40.  What 
cost  1000,  at 
2i-d.  each  ? 
50 

12)300 

8  6     81  . 

1  0  105^ 

£S  7    6  Aivs. 
Vril.*  To  find  the  price  of  one  at  so  much  per  thousand. 


Rule. 


Multiply  the  price  by  12  ;  divide  the  produd  by  50;  then  take 
the  pounds  for  so  many  pence,  and  the  shillings  for  such  a  part  of  a 
penny  as  they  ape  of  a  pound,  which  will  be  the  answer. 

41.  At  51.  4s^2d.  per  1000,  ^at  cost  1  ? 

£.  s»d. 


50 


4     2 
12 


\ 


5)62  10     0 


10)12   10 

iT"5 


Ans. 

Hd 

42. 

At 

3541.  3s.  4d. 

per 

1000, 

what  cost  1 

? 

£• 

s. 

d. 

354 

3 

4 

12 


50  j 


r 10)4250     0    0 


5)425 
85 
Ans.    7s.  Id. 


100 

1 

10 

t 
TTy 

1 

TXi 

Or, 

£.      s.  -d. 

354     3  4 

35     8  4? 

3  10  10 


Ans.     0 


TABLE 


*  In  Federal  Money — Reitiove  the  decimal  point  three  places  to  the  right,  or  left, 
as   the  case  require*,  for  the  answer. 

Examples. 

1.  What  cofl  1000  yards  at  5  cents  per  yard  ?  O/Jx  lOOO=05C>=a50D.  Ana. 

2.  What  coft  1000  yards,  at  12  cents  5  mills  per  yard  ?  Ans.  D.IS^ 
S.  If  1000  yards  coft  D.37  50c.  whaj  coft  I  yard  ? 

D.37-5-f-100()  =  D.-OST.";  =:  3c.  T^m-or,  Sjc.  Ans. 
-ft  rr  1000  yar«l»  c»ft  ©.1625,  what  coft  1  yard  ?  An!=.  l>.  I  o'Je.  5m. 
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TABLE  of  Aliquot  Parts.     1000  the  Integer. 


50  is  gV  I  200  is  1 
100  — -A  *2.0O  — ± 
125—4-      500—' 


I  SOO  is 


fOO 


375  ~  J.  I  750  —  I 


400 
600 


f   »  800  —  I- 
#  !  875  —  -^ 


4'3. 


i  e^25  —  4-     900 
At  ]1.  17s.  9d.  per  1000,  what  cost  115  .? 
£       s      d. 


9 


100 


10 


]    17     9 


0     3     911 

0     0     4.;  V  Add. 

0     0     2^ 


115     =£.0     4     4  Ans. 


44th.  At  2l    Is.   8d.  per 
1000,  what  cost  875  ? 

£,     s.     d. 
2     1      8 
7 


^5th    What   cost  33,   at  24s^ 
0d.  per  1000  ? 

£.    s.     d. 


8)14   II      8 


£A    Id     5^  Ans. 


50 

2tr 

,  — . 

.25' 

I 

3 

5 

f 

30. 

= 

> 

ri7 

- — , 

33 

~ 

1     4     8 


t)      0      7^ 
0      0      1-] 


Add. 


} 


0       pAdd. 


0      0     9^. 
CASES  INFEDERAl  MONEY. 

CASE     I. 
H^hsn  the  price  of  I  is  an  aliquot  part  of  a  dollar. —  Divide   the  quantity 
by  the  denominator  of  the  frafti'-n,  which  the  price  is  of  a  dollar,  and 
the  quotient  will  be  the  answer  in  dollars,  &c. 

Example^. 
I .  What  cost  227  yards,  at  50  cents  per  yard  ? 
c.    D.    D. 
50  I  i  I  227=priceat  D,l  per 


D.113  50c.  Ans. 


2.  What 


**  To  find  the  'value  of  any  numhjr,  at  a  ^iven  price  per  1000,  infedxrral  money. — Multiply 
the  price  per  1000  by  the  g-iven  quantity,  and  point  off  tbreeright  hand  figures 
in  the  product  more  than  required  by  multiplication  of  decimals.  Or,  point  ofF 
the  three  right  hand  places  in  the  given  quantity  :  and  multiply  and  point  as  in 
multiplication  of  decimals. 

Examples. 

1.  What  coft  875  at  D.13  per  KX.O  ? 

87.5 XI. '3= 11 37.5;  and  11375-f-1000=:ll-575=D.ll  37c.  5m.  Ans. 

2.  What  coft  3917 :  feet  of  boards,  it  D.16  per  1000  ?  Ans.  D.b26  80c. 
'i.  What  coft  325  nails  at  D.l  50c.  per  1000  ?                 Ans.  48c.  7^m.  or,  48^c. 
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16^ 


2.  What  cost  265  yards  at  !2c.  5m.  per  yard  ?  Ans.  D.33  1 2c.  6m, 

3.  What  cost  269^  yards  at  I  Cfc-  per  yard  ? 
16|c.  I  ^D.  I  269-5=price  at  D.l. 

D.44-91C.  7m.  Ans. 

4.  What  cost  1050  yards,  at  6^c.  per  yard  ?    Ans.D.65  62c.  5m. 

CASE     II. 
Wh'-n  the  price  of  I  is  two  or  more  aliquot  parts  of  a  d(  liar  added  together^ 
Divide   the   given  number  first  for  one  aliquot  part,  then  for  another, 
&c.  the  quotients  added  together  will  be  the  ansv^^er. 

Examples. 
1.  What  cost  298  yards  at  75  cents  per  yard  \ 
c.     D    D. 
50  I  ^  I  29S  =  price  at  D.l 


149  =  ditto   at 
74  50=dittoat 


•50 

•25 


Ans.  D.494  40c. 
Ans.  D.540  75c. 
Ans.  D.l 88  60c. 


Ans.   D.223  50c.=ditto  at  -75 

2.  What  cost  927  yards,  at  53i^c.  per  yard  \ 

3.  What  cost  618  yds.  at  87tc.  per  yd.  ? 

4.  What  cost  328  yds.  at  57c.  5m.  per  yd.  I 

CASE     III. 
IVhen  the  price  of  1  is  the  difference  hetnveen  two  aliquot  parts  of  a  dollar  : 
Find  the  price  at  the  greater  aliquot  part,  and  then   at   the  less,  and 
their  diflFerence  will  be  tlie  answer.  ~ 

EXAMPLES, 

1.  What  cost  328  yards,  at  13^  cents  per  yard? 
c.      D.     D.     c. 

i     328  =  price  at  D.I 


334- 


20 


^     109  334     =  ditto  at 
65  60       =  ditto  at 


Ans.  43  73-^    =  ditto  at 

2.  What  cost  817  yards  at  .SOc.  per  yard  ? 

3.  What  cost  296  yards  at  15c.  per  yard  I 


33|c. 
20 

IS^c. 
Ans.  D.245  10c. 
Ans.  1).44  40c. 


CASE     IV. 
When  the  price  of  \  is  any    sum    less  than   a  dollar  :  Divide    the    given 
price  into  aliquot  parts,  either  of  a  dollar,  or  of  each  other  ;    find  tlie 
price  at  each,  and  add  them  together  for  the  answer. 

Examples. 
1.  What  cost  279  yards  at  M'c.  per  yard  ? 

25c.     ^D.  279-       =  price  at  D.I 


4^  of  25c. 
-'.of    5 


6975  =  ditto  at 
l.'i-95  =  dhi»o  at 
2-79  =  ditto  at 


25c. 
5 
1 


Ans.  D.86'49  =  ditto  at 


X^ 


31c. 


2.  What 


I7i 
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2.  What  cost  953  yards  at  57c.  per  yard  ?  Ans.  D.54S  21c. 

3.  What  cost  839  yards  at  36c.  per  yard  ?  Ans.  D.302  4c. 

CASE  V. 

When  the  price  of  1  It  any  sum  beinveen  DA  and  Z).2  :  The  quantity  it- 
self in  dollars  is  the  price  at  D.l  then,  finding,  by  the  preceding  rules, 
the  price  at  the  parts  of  D.l,  the  sum  of  the  whole  is  the  answer. 

Examples. 
I.  What  cost  386  yards  at  D.l •65c.  per  yard  ? 
D.     c. 


50c. 

-JD. 

386 

=  price  at  D.l 

10 

}  of  50c. 

193 

=  ditto  at          50c. 

& 

ioflO 

38  60 

p=  ditto  at          10 

19  30 

=  ditto  at           5 

Ans.  D.636  90         =  ditto  at  D.l  Q>S 

2.  What  cost  849  yards  at  D.1-72  per  yard  ?      Ans.  D.1460-2S. 

3.  What  cost  294  yards  at  D.l- 18  per  yard  ?        Ans.  D.346-92. 

CASE  VI. 
When  the  price  of  1  is  any  number  of  dollars  and  parts  of  a  dollar  :  Mul- 
tiply the  quantity  by  the  number  of  dollars  ;  and,  finding,  by  the  pre- 
ceding rules,  the  price  at  the  parts  of  D.l,  the  sum  of  the   whole  iS 
the  answer* 

Examples. 
1.  What  cost  395  yards  at  D.3  24c.  per  yard  ? 
c.  D.         c. 


20 


D. 


395     =  price  at 
3 


D.l 


4    ^  of  20c. 


1 1 85  =  ditto  at 
79  =  ditto  at 
15  80  =  ditto  at 


20c. 
4 


Ans.  D.l 279  80  =  ditto  at  D.3  24c. 

2.  What  cost  269  yards  at  D.2  60c.  per  yard  ?  Ans.  D.  699  40c 

3.  — 694  12  10 8397  40 

4.  318  4  121  ISll  75 

5.  175  4  44  777 

CASE   VII. 

When  the  price  of  1  contains  the  same  aliquot  part  of  a  dollar  any  number  of 
times  exaBly  /  or,  in  other  ivords,  tvhcn  the  price  of  1  has  an  aliquot  party 
nuhich  is  also  an  aliquot  part  of  a  dollar  :  First,  find  the  value  cf  the  giv- 
en quantity  at  the  aliquot  part  ;  then  multiply  this  by  the  number  of 
times  which  the  aliquot  part  is  contained  in  the  given  sum,  for  the  an-^ 
swer.         Or, 

Since  the  price  in  this  case  is  always  such  a  number,  as,  being  divid- 
ed by  the  aliquot  part,  will  make  the  numerator  of  a  fra<5lion,  of  which 
the  denominator  is  the  denominator  of  that  fradion,  which  the  aliquot 
fart  is  of  a  dollar  ;-~Mwltiply  the  quantity  by  the  numerator,  anrf 

divide 
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divide  the  produt^  by  the  denominator,  (or,  when  convenient,  divide 
the  quantity  by  the  denominator,  and  multiply  the  quotient  by  the 
numerator,)  for  the  answer.* 

Examples. 
1.  What  cost  884  yards  at  87i  cents  per  yard  ? 

12Ac.  =  4-  of  -875  «=    I  D.||  384-     =    price  at      D.l 

48'    =    ditto  at  '12^ 

X7  X7 


Ans.     D.336-    «    ditto  at  -87^ 

Or  thus, 
■«75=D.|,  and  384  X  f  =  ^  ^  jx '  (=3|.4x7)=d.336,  Ans.  as  before. 

2.  What  cost  8^>2  yards  at  66fc.  per  yard  ?       Ans.  D.561   33|e. 

3.  What  cost  912  yards  at  55c.  per  yard  ?  Ans.  D.50i  €0c^ 

MISCELLANEOUS  QUESTIONS  IN  PRACTICE. 

1.  What  cost  300  yards  at  27c.  per  yard  ?  Ans.  D.     81 

917        D.l  12  5m.  1031  62c.  5m. 

35f  35  •  12  32 

862^  ft.  boards  at  D.12  per  M.  ?  10  34  6 

32159  13  75c.  442  IS  6^. 


PRACTICE   Br  DECIMALS. 

I.  Since  2s.  is  ri^of  jT.l,  the  decimal  of  2s.  Is  •!  :  Wherefore  amy 
quantity  being  given  at  2s.  per  lb.  yard,  &c.  the  price  is  found  in. 
pounds  and  decimal  parts  of  a  pound,  by  separating  the  unit  figure  of 
the  given  quantity  from  the  rest,  for  a  decimal. 

Let  it  be  required  to  find  tlie  value  of  356  yards  at  2s.  per  yard  ? 

By  pointing  oif  the  unit  figure  6  for  a  decimal,  I  find  the  1    f.  ^^^^ 

amount  to  be  )C.35'6,  which  is  known  to  be  equal  to  351.  12s.  J   » ''^"^'^ 

II.  Consequently,  if  the  price  be  a  multiple  of  2s.  (viz.  any  eve« 
number  of  shillings)  the  amount  at  2s.  being  first  found  in  pounds  and 
decimal  parts,  as  above,  and  that  amount  multiplied  by  the  number 
which  shows  how  often  2s.  is  contained  in  the  given  price,  tlie  produdk 
will  be  the  amount  required  in  pounds  and  decimal  parts  of  a  pound. 

What  cost  427  gallons  of  wine,  at  8s.  per  gallon  ? 
;f  .427  amount  at  2s.  per  gallon. 
4 


Ans.   £.170'8or  1701.  16s. 

The 

*  8ome  of  the  pricei  which  apply  t«  thit  case,  are  t*  W  found  in  ^c  imowA 
6ible  flf  ptrtt  •!  a  <l*llftr. 
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The  examples  in  Case  4th.  may  be  worked  in  this  manner. 
Likewise,  if  the  price  be  pounds  and  even  shillings. 
754  yards  at  11.  8s. 


7»'5*4  amount  at  2s, 
14x2=2tJs. 

S016 
754 


Or, 
754     1 

75-4x4=301 -6  j 


Add. 


iC.1055-6 


Ans.    iC.  1055-6=10551.  12?* 


Ill  If  the  price  be  an  aliquot  part  of  %.  :  Find  the  amount  at  2s.  and 
divide  it  by  the  denominator  of  the  part,  and  the  quotient  will  be 
the  answer. 

At  8d.  per  lb. ;  What  cost  976  lb.  ? 
I  8d.  I  4  I  97-5 

;£'32  533  =;f  32     10     8  Ans. 

IV.  If  the  price  he  an  aliquant  (that  is,  uneven)  part  :  Divide  it  into 
aliquot  parts. 

7235  yards,  at  7d. 


4d. 
3d. 


1    !  723-5 


^  I  120-583 
90-437 


21102  =;£".211     0     4|  Ans. 

V.  If  the  price  bepmnds  and  shillings,  or  pounds ,  shillings  and  pence  :  Re- 
duce Uie  shillings,  &c.  to  the  decimal  of  a  pound,  and  multiply  the 
quantity  thereby,  or  the  price  by  the  quantity. 

At  151.  12s.  6d.  per  Cwt.  :  What  cost  75  Cwt,  > 
£.15   12  6  =^'.15-625 
75 


78125 
IG9375 

1171-875 

£A\1\   17  6  Ans. 

VI,  If  the  quantity  likeivise  be  of  divers  denominations  :  Reduce  the  less 
^^ominaiipn*  to  th«  decimal  of  that,  whereof  the  price  is  given. 

9lb; 
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Qlb.  lOoz.  of  silk,  at  ^.4  5  9  =  /*.4-28r 
9lb.  lOoz,  =  9  625 


21435 
8574 
25722 
38583 

41-262375 


£Al     5     3  Ans. 
Cases  1 1th.  and  12th.  may  be  wrought  in  this  manner. 
Or,  You  may  take  parts  for  the  lower  denominations; 
I  8oz.  j    i    j     4-287 
2oz.  M-  9 


38-583 
2-1435 
•535875 

41-262375 

£Al     5     3 

VII.  When  the  price  is  any  odJ  number  of  shillings :  If  it  be  re- 
quired *to  know  what  quantity  of  any  thing  may  be  bought  for  any 
sum  of  money,  in  pounds  :  Annex  tiuo  cyphers  to  the  money,  and 
divide  it  by  half  the  price. 

Note.  As  half  a  shilling  (or  6  pence)  is  -5,  therefore,  to  halve  any 
odd  number  of  shillings,  is  only  to  annex  -5  to  half  of  the  greatest 
even  number  in  the  price. 

1st    How  many  yds.  at  7s.  per  2d.  How  many  pounds  of  tea, 

yd.  may  I  have  for  4351.  ?  at  5s.  per  lb  for  371.  ? 

Half  =  3-5)43500(1 242|^yds.  Ans.  2-5)3700(^148lb.   Ans. 

35  25 


85 
70 

120 
100 

150 
140 

200 
200 

100 
70 

30 

3d.  H^ 
per  yard 

ow   many  yards  at  9s, 

may  I  have  for  540l.  ? 

Ans.  1200  yards. 
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Bill  of  Parcels. 

Newburyport,  January  1st,  1808. 
Mr.  Timothy  Huckster 

Bought  o{Sa?nuel  Merchant, 
25^1b  Bohea  tea,  at  3s  6d»  per  lb. 
^Slb.  Cheese,  at  9d.  per  lb. 
15  Pair  worsted  hose,  at  5s.  8d.  per  pair. 
4^  Dozen  women's  gloves,  at  36s.  6d.  per  dozen. 
19  Dozen  knives  and  forks,  at  5s.  9d.  per  dozen. 
9  Grindstones  at  1 5s  9d.  per  stone. 
'J  Cwt.  Brown  sugar,  at  5 Is.  per  cwt. 
31  lb.  Loaf  Sugar,  at  Is.  O^d.  per  lb. 


Received  payment  in  full, 

Samuel  Merchant, 


£-3i     3     3J 


TARE   AND  TRET 

TARE  and  Tret  are  pradicalrules  for  deducing  certain  allowances, 
which  are  made  by  merchants  and  tradesmen  in  selling  their  goods 
by  weight. 

Tare  is  an  allowance,  made  to  the  buyer,  for  the  weight  of  the  box, 
barrel  or  bag,  &c.  which  contains  the  goods  bought,  and  is  either  at 
so  much  per  box,  &c.  at  so  much  per  cwt.  or  at  so  much  in  the  gross 
weight. 

Tret  is  an  allowance  of  4lb.  in  every  104lb.  for  waste,  dust,  &c. 

Cloff  is  an  allowance  of  2lb.  upon  every  3  Cwt, 

Gross  weight  is  the  whole  weight  of  any  sort  of  goods,  together 
with  the  box,  barrel,  or  bag,  &c.  which  contains  them. 

Buttle  is,  when  part  of  the  allowance  is  deducted  from  the  gross. 

Neat  weight  is  what  remains  after  all  allowances  are  made. 

CASE  I.* 

IFhen  the  tare  is  at  so  mnch  per  hox^  barrel  or  bag,  tffc  :  Multiply  the 
number  of  boxes,  barrels,  &c.  by  the  tare,  and  subtrafl  the  produft 
from  the  gross,  and  the  remainder  will  be  the  neat   weight   required. 

Examples. 
1.  In  6  hogsheads  of  sugar,  each  weighing  9cwt.  2qrs.  lOlb.  gro«, 
Hare  251b.  per  hogshead  ;  how  mnch  neat  ? 
Cwt.  qr.    lb.         Cwt.  qr.    lb. 
25X6=1     1     10  9    2     10  gross  wt.  of  1  hhd. 

6 


57     2       4  gross. 
1      1      10  tare. 


Ans.  56    0    22  neat.  g.  In 

*  This,  a»  well  as  every  other  cafe  ia  this  rule,  is  only  an  application  of  the  rulea 
•f  Proportion  aod  JPra(Slice. 
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2.  In  5  bags  of  cotton,  marked  with  the  gross  weight   as  follows, 
Ittre  23lb.  per  bag  ;  what  neat  weight  ? 


Cwt. 

qr. 

lb. 

A=:7 

1 

19 

B  =3 

3 

27 

C  =5 

1 

12 

D=6 

0 

15 

E  =8 

1 

0 

Cwt.  qr.  lb. 
Ans.    30     0     14  neat. 
3.  What  Is  the  neat  weight  of  15  hogsheads  of  tobacco,  each  7cwti 
Iqr.    131b.  tare  lOOlb.  per  hogshead  ?  Ans.  97cwt.  Oqr.   111b. 

CASE  II. 

When  the  tare  is  at  so  much  per  cnvt.  :  Divide  the  gross  weight  by  the 
aliquot  parts  of  a  cwt.  subtra<5t  the  quotient  from  the  gross,  and  the 
remainder  will  be  the  neat  weight. 

Examples. 
1.  In  129cwt.  3qrs.  16lb.  gross,  tare    l^-lb.   per  cwt.  what   neaX 
weight  ?  Cwt.  qr.  lb. 

141b.  I  i  I  129     3     16     gross. 
16     0     26i   tare. 


I' 


Ans.   113     2     17i  neat. 
2.  In  97cwt.    Iqr.  7lb.  gross, 
tare  20lb.   per  cwt.    what  neat 
weight  \ 

Cwt.  qr.  lb. 
97     1     7  gross. 


lb. 
16 


13 
3 


3  171 
1  25J 


Add. 


3.  What  is  the  neat  weight  of 
9  barrels  of  potash,  each  weigh- 
ing 305lb.  gross,  tare  12lb.  per 
cwt.  ?    Ans.  24501b.  14oz.  44dr. 


Subtract   17     1   14  tare. 


Ans.  79     3  21  neat. 
4.  What  is  the  value  of  the  neat  weight  of  7hhds.  of  tobacco,  at  51. 
7s.  6d.  per  cwt.  each  weighing  8c wt.  3qrs.  lOlb.  gross,  tare  211b.  per 
*wt.  ?  Ans.  ^.270  4  4^  reckoning  the  odd  ounces. 

CASE    III. 
When  tret  is  allowed  with  tare  :  Divide  the  suttle  weight  by   26,  and 
the  quotient  will  be  the  tret,  which  subtradl  from  the  suttle,   and   the 
remainder  will  be  the  neat. 

Examples. 
1.  In  247cwt.  2qrs.  15lb.  gross,  tare28lb.  per  cwt.  and  tret 4lb.  for 
every  104  lb.  what  neat  weight  ? 

I  28  I  ;J;  I  247C.2qr.)5l'b.gross. 

61     3     17     12  tare,  subtraft. 


4  I  ^V  I  185     2     25       4  suttle. 

7     0     16      0  tret,  subtrafl< 


Ans.  178    2      Q      4  neat. 


2.  What 
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2.  What  Is  the  neat  weight  of  4  hhds.  of  tobacco,  weighing  as  fol- 
low :  The  1st.  5cwt.  Iqr.  12lb.  gross,  tare  65lb.  per  hhd.  ;  \he  2d. 
3cwt.  Oqr.  I9lb.  gross,  tare  75lb.  ;  the  3d.  6cwt.  3qrs.  gross,  tare 
49lb.  ;  and  the  4th  4c wt.  2qrs.  9lb.  gross,  tare  35lb.  and  allowing 
tret  to  each  as  usual  ?  Ans.   17cwt.  Oqr.   19lb.-t- 

CASE    IV. 
lV/:!en  tare,  tret  and  doff"  are  alloived  :  Dedu<fl  the  tare  and  tret  as  be- 
fore, and  divide  the  suttle  by  168,  and  the  quotient  will   be  the  cloff, 
which  subtrad  from  the  suttle,  and  the  remainder  will  be  the  neat. 

Examples. 
1.  What  is  the  neat  weight  of  1  hhd.  of  tobacco,  weighing    16cwt. 
2qrs.  20lb.  gross,  tare  14lb.  per  cwt.  tret  4lb.  per    104,  and  cloiF  2lb. 
per  3cwt.  ? 

141b.  is^)16     2     20      0  gross. 

2     0       9     8  tare,  subtradl. 


4lb.is^V)H 
0 

2 
2 

10  8 
6    13 

2lb.isTWl4 
0 

0 
0 

3    11 

9     5 

suttle. 

cloff,  sub  tra<ft. 

Ans.    13     3     22     6  neat. 
2.  If  9hhds.  of  tobacco,  contain  85cwt.  Oqr.  2lb.  tare  30lb.  per  hhd. 
tret  and  cloff  as  usual,  what  will  the  neat  weight  come  to  at  Gfd.  per 
per  lb.  after  deducing  for  duties  and  other  charges,  511.  1  Is.  8d.  ? 

Ans.  >C.187   18s.  od. 


INVOLUTION, 

OR    TO    RAISE    POWERS. 

A  POWER  is  the  produft  arising  from  multiplying  any  given  num- 
ber into  itself  continually  a  certain  number  of  times,  thus  : 

3x3=9  Is  the  2d.  power,  or  square  of  3.  =3^^ 

3X3X3=27  is  the  3d.  power,  or  cube  of  3.  =3  ^ 

3x3x3x3=^81  is  the  4th.  power,  or  the  biquadiate  of  3,  &c.  =3"^ 

The  number  denoting  the  power  is  called  the  Index^  or  the  exponent  of 

that  power.     Thus,  the  fourth  power  of  3  is  81,  or  ?A  ;  the  second 

power  of  5  Is  25,  or  5^,  &c. 

2x2=4,  the  square  of  2  ;  4X4=1 6=4th.  power  of  2  ;    1 6X1  S=256= 
8th.  power  of  2,  &c. 

Rule. 
Multiply  the  given  number,  root,  or  first  power  continually  by   it- 
self, till  the  number  of  multiplications  be  1  less  than  the  index  of  the 
power  to  be  found,  and  the  last  produ«5t  will  be  the  power    required. 
Note.  Whence,  because  fradlons  are  multiplied  by  taking  the  prod- 
u<^s  of  their  numerators,  and  of  their  denominators,  they   will  be  in- 
volved 
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yolved  by  raising  each  of  their  terms  to  the  power  required,  and  if  a 
mixed  number  be  proposed,  either  reduce  it  to  an  improper  fradlioo, 
or  reduce  the  vulgar  fradion  to  a  decimal,  and  proceed  by  the  rule. 

Examples. 
I.  What  is  the  5th.  power  of  9  ? 
9 
9 

81=2d.  power* 


729=3d.  power. 
9 

6561=4th.  power. 
9 

59049=5th.  power,  or  answer=9''» 

2.  What  is  the  5th  power  of  |  ?  Ans.  -^^^ 

3.  What  is  the  fourth  power  of -045  ?  Ans.  '000004100625. 
Here  we  see,  that  in  raising  a  fraiflion  to   a  higher  power,   we  de- 
crease its  value. 


EVOLUTION, 

OR  THE  EXTRACTION  OF  ROOTS. 

THE  Root  is  a  number  whose  continual  multiplication  into  Itsel. 
produces  the  power,  and  is  denominated  the  square,  cube,  biquadratef 
or  2d.  3d.  ^th.  root,  Sec.  accordingly  as  it  is,  when  raised  to  the  2d, 
3d.  &c.  power,  equal  to  that  power.  Thus,  4  is  the  square  root  of 
16,  because  4x4=16,  and  3  is  the  cube  root  of  27,  because  3x3X3=27> 
and  so  on. 

Although  there  Is  no  number  of  which  we  cannot  find  any  power 
exactly,  yet  there  are  many  numbers,  of  which  precise  roots  can  nev- 
er be  determined.  But,  by  the  help  of  decimals,  we  can  approximate 
towards  the  root  to  any  assigned  degree  of  exa<5lness. 

The  roots,  which  approximate,  are  called  surd  roots,  and  those  which 
are  perfedly  accurate,  are  called  rational  roots. 

Roots  are  sometimes  denoted  by  writing  the  charader  »/  before 
the  power,  with  the  index  of  the  power  over  it  ;    thus  the  3d.  root  of 

36  is  expressed  -v/  36,  and  the  2d.  root  of  36  is  y^  36,  the  index  2  be- 
ing omitted  when  the  square  root  is  designed. 

If  the  power  be  expressed  by  several  numbers,  with  the  sign  +  or  — 
between  them,  a  line  is  drawn  from  the  top  of  the  sign  over  all  the 

parts  of  it.     Thus  the  3d  root  of  47+22  is  v^47+22,  and  the  2d.  root 

of  59—17  is  v^59— 17,  &c. 

Sometimes  roots  are  designed  like    powers,  with  fra<n:ional  indices. 

I  I 

Thus,  the  square  root  of  15  is  15*,  the  cube  root  of  21  is  2P,      and 

ith.  root  of  37  —  20  is  37— 20'S  &c.  A 

Y 
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THE  EXTRACTION  OF  THE  SQUARE  ROOT. 

Rule. 

*1.  Distinguish  the  given  number  into  periods  of  two  figures ^ch, 

by  putting  a  point  over  the  place  of  units,  another  over  the  place  of 

hundreds,  and  so  on,  which  points  shew  tlie  number  ot   figures  the 

root  will  consist  of. 

2.  Find  the  greatest  square  number  in  the  first,  or  left  hand,  pe- 
riod, place  the  root  of  it  at  the  right  hand  of  the  given  number,  (af- 
ter the  manner  of  a  quotient  in  division)  for  the  first  figure  of  the 
root,  and  the  square  number,  under  the  period,  and  subtrad  it  there- 
from, and  to  the  remainder  bring  down  the  next  period  for  a  div- 
idend. 

3.  Place  the  double  of  the  root,  already  found,  on  the  left  hand 
of  the  dividend  for  a  divisor. 

4.  Seek  how  often  the  divisor  is  contained  in  the  dividend,  (except 
the  right  hand  figure)  and  place  the  answer  in  the  root  for  the  second 
figure  of  it,  and  likewise  on  the  right  hand  of  the  divisor;  Multiply 
the  divisor  with  the  figure  last  annexed  by  the  figure  last  placed  ia 
the  I'oot,  and  subtra<ft  the  produ(5t  from  the  dividend  :  To  tho  re- 
mainder join  the  next  period  for  a  new  dividend. 

5.  Double  the  figures  already  found  in  the  root,  for  a  new  divisor, 
(or,  bring  down  your  last  divisor  for  a  new  one,  doubling  the  right 
hand  figure  of  it)  and  from  these,  find  the  next  figure  in  the  root  as 
last  direded,  a.nd  continue  the  operation,  in  the  same  manner,  till 
you  have  brought  down  all  the  periods. 

Note  1.  If  when  the  given  power  is  pointed  off  as  the  power  re- 
quires, the  left  hand  figure  should  be  deficient,  it  must  nevertheless 
stand  as  the  first  period. 

Note  2.  If  there  be  decimals  in  the  given  number,  it  must  be  point- 
ed both  w^ays  from  the  place  of  units  :  If,  when  there  are  integers, 

the 

*  In  order  to  fliew.the  reafon  of  the  rule,  it  will  be  proper  to  premife  the  fol- 
lowing Lemma.  The  produ<5t  of  any  two  numbers  can  have,  at  mod,  but  fo  many 
places  of  figures  as  are  in  both  the  factors,  and  at  leaft  l)ut  one  lefs. 

Demonjlration.  Take  two  numbers  confiding  of  any  number  of  places  ;  but  let 
them  be  the  leaft:  poflibie  of  thofe  places,  \'iz.  Unity  with  cyphers,  as  100  and  10  : 
Then  their  produdl  will  be  1  widi  fo  many  cyphers  annexed  as  are  in  both  the 
numbers,  viz.  1000  ;  but  1000  has  one  place  lefs  than  100  and  10  together  have : 
And  fince  100  and  10  were  taken  the  leaft  poflibie,  the  produtSb  of  any  other  two 
numbers,  of  the  fame  number  of  places,  will  be  greater  than  1000  ;  confequent 
ly,  the  produdl  of  any  two  numbers  can  have,  at  leaft,  but  one  place  lefs  than 
both  the  fat5lors. 

Again,  take  two  numbers,  of  any  number  of  places,  which  fliall  be  tl\e  great- 
eft  poflibie  of  thofe  places,  as  f)9  and  9.  Now,  99  X  9  is  lefs  tlian  99  X  10  ;  but 
99  X  10  (±:990)  contains  only  fo  many  places  of  figures  as  are  in  99  and  9; 
therefore,  99  X  9,  or  the  produdl  of  any  other  two  numbers,  conllftjng  of  the 
fame  number  of  places,  camiot  have  piorc  places  o5  figures,  than  are  iu  both  its< 
favors. 

Corollary  1.  A  fquare  number  cannot  have  more  places  of  figurc«  tijan  double 
the  places  of  the  root,  and  at  lea  .  but  one  lefs. 

Corollary  ^.  A  cubc  number  cannot  have  more  places  of  iirures  than  trinlr  tli- 
places  Qf  the  ro9t,  and  at  leaft  bat  two  lefs. 
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the  first  period  in  the  decimals  be  deficient,  it  may  be  completed  by- 
annexing  so  many  cyphers  as  the  power  requires  :  And  the  root  must 
be  made  to  consist 'of  so  many  whole  i.aimbers  and  decimals  as  there 
are  i^riods  belonging  to  each  ;  and  when  the  periods  belonging  lo  the 
given  number  are  exhausted,  the  operation  may  be  continued  at  pleas- 
ure by  annexing  cyphers. 

Examples. 
1st.  Required  the  square  root  of  30138696025  ? 


30138696025(173605  the  root. 
1 


1st.  Divisor=27)201 
189 

2d.  r)ivisor=343)I238 
1029 

3d.  Dmsor=3466)20969 
20796 


4th.  Divisor=347205)  1 736025 
1736025 


2d.  Required  the  square  root  of  575*5 1 
•    .     . 

575-50(23-98-H,  the  root- 
4 


43)175 
129 


469)4650 
4221 


4788)42900 
38304 


4596  Remainder. 
3d.  What  is  the  square  root  of  1 0342656  ?  Ans.  3216, 

4th.  What  is  the  square  root  of  964-5192360241  ?  Ans.  31'05671. 
5th.  What  is  the  square  root  of  234*09  ?  Ans.  15*3. 

6th.  What  is  the  square  root  of  -0000316969  ?  Ans.  '00563. 

7th.  What  is  the  square  root  of  '045369  ?  Ans.  '213. 

R.UI.ES  FOR  THE  SQUARE  ROOT  OF  VULGAR  FRAC- 
TIONS AND  MIXED  NUMBERS. 

AftQr  reducing  the  fra^ion  to  its  lowest  terms,  for  this  and  all  oth- 
ft  rpots ;  then, 

1st.  Extra<Ji: 
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1st.  Extradl  the  root  of  the  numerator  for  a  neiv  numerator^  and  the 
root  of  the  denominator  for  a  ne^  denominator^  which  is  the  best  method, 
provided  the  denominator  be  a  con^plete  power.     But  if  it  be  not, 

2d.  Multiply  .the  numerator  and  denominator  together  ;  and  the 
root  of  this  produd  being  made  the  numerator  to  the  denominator  of 
the  given  fradion,  or  made  the  denominator  to  the  numerator  of  it, 
will  form  the  fradional  part  required.*     Or, 

3d.   Reduce  the  vulgar  frad:ion  to  a  decimal,  and  extraft  its  root. 

4th.-  Mixed  numbers  may  either  be  reduced  to  improper  fractions, 
and  extracted  by  the  first  or  second  rule,  or  the  vulgar  fradlion  may 
be  reduced  to  a  decimal,  then  joined  to  the  integer,  and  the  root  of 
the  whole  extradled. 

Examples. 

1st.  What  is  the  square  root  of  ^\%-^  ? 
By  Rule  1. 

irrl^  =  xilx  1^(4  root  of  the  numerator. 

16 

1681(41  root  of  the  denominator. 
16 


81)81    Therefore,  -^^  —  the  root  of  the  given  fradion. 
81 

By  Rule  % 
16X1681=26896,  and  ^Z  26896=164.     Then, 
tVVt  =  tA  =  -A  =  -09756+ 

By  Rule  3. 
1681)16(-0095181439+.     And  .v/-0095181439='09756+. 

2d.  What  is  the  square  root  of    |J|4  ?  Ans.  y,. 

3d.  What  is  the  square  root  of  42-4:  ?  Ans-  6^. 

Note.  In  extrafting  the  square  or  cube  root  of  any  surd  number, 
there  Is  always  a  remainder  or  fradion  left,  when  the  root  is  found. 
To  find  the  value  of  which,  the  common  method  is,  to  annex  pairs 
of  cyphers  to  the  resolvend,  for  the  square,  and  ternaries  of  cyphers 
to  that  of  the  cube,  which  makes  it  tedious  to  discover  the  value  of 
the  remainder,  especially  In  the  cube,  whereas  this  trouble  might  be 
saved  if  the  true  denominator  could  be  discovered 

As  In  division  the  divisor  is  always  the  denominator  to  its  own 
fradllon,  so  likewise  It  is  in  the  square  and  cube,  each  of  their  divisors 
being  the  denomlnatois  to  their  own  particular  fra(5lions  or  numera- 
tors. In 

a 
*  That  is,  fuppofe  «=7,  and  ^=2,  the  rule  may  be  thus  expreflod :  v'"~= 

b 
^  ab  a  7       0^1X2  7 

= Or,  numerically  thus  :    ^/ — = = l=  1-87 +,  an4 

*     Vab,  2  2  V7X5i 

this  rul^  will  ferve  whether  the  root  he  JSnite  or  in/itiiu. 
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In  the  square  the  quotient  is  always  doubled  for  a  new  divisor; 
therefore,  when  the  work  is  completed,  the  root  doubled  is  the  true 
divisor  or  denominator  to  its  own  fradion  ;  as,  if  the  root  be  ]  2,  the 
denominator  will  be  24,  to  be  placed  under  the  lemainder,  which  vul- 
gar fra<5lion,  or  its  equivalent  decimal,  must  be  annexed  to  the  quo- 
tient or  root,  to  complete  it* 

If  to  the  remainder,  either  of  the  square  or  cube,  cyphers  be  annex- 
ed, and  divided  by  their  respedlive  denominators,  the  quotient  will 
produce  the  decimals  belonging  to  the  root. 

APPLICATION  AND  USE  OF  THE  SQUARE  ROOT. 
Prob.    I    To  find  a  mean  proporllonal  between  ituo  numbers. 
Rule.  Multiply  the   given  numbers    togiether,    and  extrad   the 
square  root  of  the  piodud  ;  which  root  will  be  the  mean  proportion- 
al sought. 

Example. 
What  is  the  mean  proportional  between  24  and  QQ^. 

a/  96X24=48    Answer. 
Prob.  II.  Tojind  the  side  of  a  square  equal  in  area  to  any  given  super- 
ficies Kv  hat  ever. 

RuLt.  Find  the  areot  and  the  square  root  Is  the  side  of  the  square 
Sdught. 

Examples. 
1st.  If  the  area  of  a  circle  be    184*125,  What  is  the  side  of  a 
square  equal  in  area  thereto  ? 

V'184-125=i3'569+  Answer. 

2d.  If  the  area  of  a  triangle  be  160,  What  is  the  side  of  a  square 

equal  in  area  thereto  V^  160=  1 2- 649+  Answer. 

Prob.  III.  A  certain  general  has  an  army  of  5625  men  :  pray 
How  many  must  he  place  in  rank  and  file,  'to  form  them  into  a 
square  ?  ^5625=75  Answer.f 

Prob.  IV.  Let  10952  men  be  so  formed,  as  that  the  number  in 
rank  may  be  double  the  file. 

,/l£|12_7^  In  file,  and  74x2=148  in  rank. 

Prob  V.  If  it  be  required  to  place  20 1 6  men  so  as  that  there  may 
be  56  in  rank  and  36  in  file,  and  to  stand  4  feet  distance  in  rank, 
and  as  much  in  file,  How  much  ground  do  they  stand  on  ? 

To  answer  this,  or  any  of  the  kind,  use  the  following  proportion  : 
As  unity  :  to  the  distance  ::  so  is  the  number  in  rank  less  by  one  :  to 
a  fourth  number  ;  next,  do  the  same  by  the  file,  and  multiply  the 

two 

*  Althouoh  thefe  denominators  give  a  fmall  matter  too  much  in  the  fquare  root, 
and  tpo  little  in  the  cube,  yet  they  will  be  fufficient  in  common  ufe,  and  are  much 
more  expeditious  than  the  operation  with  cyphers. 

f  If  you  would  have  the  number  of  men  be  double,  triple,  or  quadruple,  &c. 
as  many  in  rank  as  in  file,  extradl  the  fquare  root  of  \,  i,  ^-,  &c.  of  the  given  num- 
ber of  men,  and  that  will  be  the  number  of  men  in  file,  which  double,  triple^ 
quadruple,  &c.  and  the  product  will  be  the  nmnber  in  raak. 
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two  numbers  together,  fouiKl  by  the  above  proportion,  and  the  pro- 
duSi  will  be  the  answer.* 

As  1  :  4  ::  56  —  1  :  220.  And,  as  1  :  4  ::  36  —  I  :  140.  Then, 
220X140=30800  square  feet,  the  Answer. 

Prob.  VI.  Suppose  I  would  set  out  an  orchard  of  600  trees,  so 
that  the  length  shall  be  to  the  breadth  as  3  to  2,  and  the  distance  of 
each  tree,  one  from  the  other,  7  yards  :  How  many  trees  musr  it  bfe 
in  length,  and  how  many  in  breadth  ?  and,  How  many  square  yards 
of  ground  do  they  stand  on  ? 

To  resolve  any  question  of  this  nature,  say,  as  the  ratio  in  length 
:  is  to  the  ratio  in  breadth  ::  so  is  the  number  of  trees  :  to  a  fourth 
number,  whose  square  root  is  the  number  in  breadth.  And  as  the 
ratio  in  breadth  :  is  to  the  ratio  in  length  ::  so  is  the  number  of  trees  : 
to  a  fourth,  whose  root  is  the  number  in  length. 

As  3  :  2  ::  600  :  400.     And  ^  400  =  20  =  number  in  breadth. 

As  2  :  3  ::  600  :  900.     And  >/  900  =  30  =  number  in  length. 

As  1  :  7  ::  30  —  1  :  203.  And  as  1  :  7  ::  20  —  1  :  to  133.  And 
203X  133  =  26999  square  yards,   the  Answer. 

Prob.  VII.  Admit  a  leaden  pipe  ^  inch  diameter  will  fill  a  clstera 
in  3  hours  ;  I  demand  the  diameter  of  another  pipe  which  will  nil 
the  same  cistern  in  1  hour. 

Rule.  As  the  given  time  is  to  the  square  of  thegivpn  diameter, 
so  is  the  requited  time  to  the  square  of  the  required  diameter. 

|='75  :  and  •73X-75=-5625.     Then,  as  3h.  :  -5625  :: 
Ih.  :  1-6875  inversely,  and  ^  l*6875=l-3  inch  nearly,  Ans. 

Prob  VIII.  If  a  pipe  whose  diameter  is  is  1*5  inch,  fill  a  cisterrt 
in  5  hours,  in  what  time  will  a  pipe  whose  diameter  is  3*5  inches  fiU 
the  same  ? 

l-5Xl-5=2-25;  and  3-5x3-5=12-25.  Then,  as  2*25  :  5  ::  12-25 
:    9 18+ hour,  inversely ,=55  min.  5  sec.  Answer. 

Prob.  IX.  If  a  pipe  6  inches  bore,  will  be  4  hours  in  running  off 
a  certain  quantity  of  water.  In  what  time  will  3  pipes,  each  four 
inches  bore,  be  in  discharging  double  the  quantity  ? 

6X6=36.  4x4=16,  and  16X3=48.  Then,  as  36  :  4h.  ::  43:  3h. 
inversely,  and  as  Iw.  :  3h.  ::  2w. :  6h.  Answer. 

Prob.  X.  Given  the  diameter  of  a  circle  to  make  another  circle, 
which  shall  be  2,  3,  4,  &c.  times  greater  or  less  than  the  given  circle. 

Rule.  Square  the  given  diameter,  and  if  the  required  cii^cle  be 
greater,  multiply  the  square  of  tlie  diameter  by  the  given  propor- 
tion, and  the  root  of  the  prodn^l  will  be  the  required  diameter.  But 
if  the  required  circle  be  lessi  divide  the  square  of  the  diameter  by  tlie 
given  proportion,  and  the  root  of  the  quotient  will  be  the  diameter 
required. 

There  is  a  circle  whose  diameter  is  4  Inches ;  I  demand  the  diame- 
ter of  a  circle  3  times  as  large  ? 

4X4=16  ;  and  16X3=48  ;  and  -/  48=6-928+-  inches  Answer. 

Prob. 

•  The  above  rule  will  be  found  iilVfvil  in  planting  trees,  having  the  difbuice  of 
ground  betweoii  each  given* 
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Prob.  XL  To  find  the  diameter  of  a  circle  equal  in  area,  to  au 
ellipsis,  (or  oval)  whose  transverse  and  conjugate  diameters  are  giv- 
en.* 

Rule.  Multiply  the  tv^'o  diameters  of  the  ellipsis  together,  and  the 
square  root  of  that  produdt  will  be  the  diameter  of  a  circle  equal  to 
the  ellipsis. 

.  Let  the  transverse  diameter  of  an  ellipsis  be  48,  and  the  conjugate 
36  :  What  is  the  diameter  of  an  equal  circle  ? 

48X36=1728,  and  >/  1728=41-569+ the  Answer. 

Note.  The  square  of  the  hypothenuse,  or  the  longest  side  of  a  right 
angled  trian^^fle,  (by  47th  B.  L  Euc.)  is  equal  to  the  sum  of  the 
squares  of  the  other  two  sides  ;  and  consequently  the  difference  of 
the  squares  of  the  hypothenuse  and  either  of  the  other  sides  is  the 
square  of  the  remaining  side. 

Prob  XIL  A  line  36  yards  long  will  exactly  reach  from  the  top 
of  a  fort  to  the  opposite  bank  of  a  river,  known  to  be  24  yards  broad. 
The  height  of  the  wall  is  required  ? 

36X36=1296  ;  and  24x24=576.  Then,  1296—576=720,  and 
^720=2 6*83+yards,  the  Answer. 

Prob.  XIII.  The  height  of  a  tree  growing  in  the  centre  of  a  cir- 
cular island  44  feet  in  diameter,  is  75  feet,  and  a  line  stretched  from 
tlie  top  of  it  over  to  the  hither  edge  of  the  water,  is  256  feet.  What 
is  the  breadth  of  the  stream,  provided  the  land  on  each  side  of  the 
water  be  level  ? 

256X256=65536;  and   75x75=5625:   Then,  65536—5625=59911 
and  v/599 11=244-76+ and  244-76— ^^"^ =222-76  feet.  Answer. 

Prob.  XlV.  Suppose  a  ladder  60  feet  long  be  so  planted  as  to 
reach  a  window  37  feet  from  the  ground,  on  one  side  of  the  street, 
and  without  moving  it^t  the  foot,  will  reach  a  window  23  feet  high 
on  the  other  side  ;  I  demand  the  breadth  of  the  street  ? 

60X60=3600.  37X37=1369.  23X23=529  :  Then,  3600—136  9 
=2231,  and  v^223 1=47-23+,  and  3600—529=3071,  and -v/3071  = 
55-41+,  then,  47-23+55-4 1=1 02*64  feet,  the  Answer. 

Prob.  XV.  Two  ships  sail  from  the  same  port ;  one  goes  due 
north  45  leagues,  and  the  other  due  west  76  leagues  :  How  far  are 
tliev  asunder  ?f 

45X45=2025.  76x76=5776.  Then,  5776+2025=7801  and 
-v/780 1=88-32  leagues,  the  answer. 

EXTRACTION 

♦  The  tranfverfe  and  conjugate  are  the  longefl  and  flaorteft  diameters  of  an  el- 
rpfis  ;  they  pafs  through  the  centre,  and  crdfs  each  oiher  at  right  angles 

f  The  fquare  root  may  in  the  fame  manner  be  applied  to  navigation  ;  and, 
v/hen  deprived  of  other  means  of  folving  problems  of  that  nature,  the  following 
proportion  will  ferve  to  find  the  courfe. 

As  the  fum  of  the  hypothenufc  (or  diftance)  and  half  the  greater  leg  (whether 
difference  of  latitude  or  departure)  is  to  the  lefs  leg  ;  fo  is  86,  to  the  angle  oppp- 
fite  the  lefs  leg. 
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EXTRACTION  OF  THE  CUBE  ROOT. 

A  cube  is  any  number  multiplied  by  its  square.  To  extradl  the 
cube  root,  is  to  find  a  number  which,  being  multiplied  into  its  square, 
shall  produce  the  given  number. 

First  Method, 
Rule. 
f  I.  Separate  the  given  number  into  periods  of  three  figures  each, 
by  putting  a  pohit  over  the  unit  figure,  and  every  third  figure  beyond 
the  place  of  units. 

2.  Find  the  greatest  cube  in  the  left  hand  period,  and  put  its  root 
in  the  quotient. 

3.  Subtrad  the  cube,  thus  found,  from  the  said  period,  and  to  the 
remainder  bring  down  the  next  period,  and  call  this  the  dividend. 

4.  Multiply  the  square  of  the  quotient  by  300,  caUing  it  the  trip- 
le square,  and  the  quotient  by  30,  calling  it  the  triple  quotient,  and 
the  sum  of  these  call  the  divisor. 

5.  Seek  how  often  the  divisor  may  be  had  in  the  dividend,  and 
place  the  result  in  the  quotient. 

6.  Multiply  the  triple  square  b)*the  last  quotient  figure,  and  write 
the  product  under  the  dividend  ;  multiply  the  square  of  the  last  quo- 
tient figure  by  the  triple  quotient,  and  place  this  produd  under  the 
last  ;  under  all,  set  the  cube  of  the  last  quotient  figure  and  call  their 
sum  the  suUrahcnd. 

7.  Subtrad  the  subtrahend  from  the  dividend,  and  to  the  remain- 
der bring  down  the  next  period  for  a  new  dividend,  with  which  pro- 
ceed as  before,  and  so  on  till  the  whole  be  finished. 

Note.  The  same  rule  must  be  observed  for  continuing  th  j  operatioQ^^, 
and  pointing  for  decimals,  as  in  the  square  root. 

Examples. 
1st.  Required  the  cube  root  of  436036824^87  ? 


436036824287(7583  root. 
343 


ift.  Divi8.=14910)9S036=lft.  Dividend 


7X7X300  = 
7X      30      s= 


14700=1  ft.  Trip-fq. 
2 10=  1ft.  do.  quo. 

14910=lft.divif<?r. 


73500 

5250 

125 


14700X5= 
5X.''Xi^lO= 


73500 

5250 

125 


78875=lft.  Subtrahend. 


78785=  1ft.  Subtra. 


i?d.DJv.=  1689750)  141 6 lS24=2dX)r^'id.       75X75X300=       1687500='Jd.Tnp.  fq. 
75xr>0  =  22.50=2d.  do.  quq. 


13500000 

144000 

512 


1689750=2d.  DNifor. 


1687500X8=     1.3500000 


1 36445 1 2=2d.  Subtra.      2250  X  8  X  «  =         1 44CX)0 

Carried  over. 

f  The  reafou  of  pointlnpr  the  ji^ivcn  number,  as  direded  in  tlie  rule,  l»  obvious 
from  CoroU.  2,  to  the  Lemma  made  ufe  of  in  demoaftiating  the  I'quare  ro©t. 
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Brought  over.        1 364451 2=2d.  Subtra.       2250X8X8=         144000 

8X8X8        =  512 

3'd.Div.=  l 72391 940)51 73 12287=3d.  Divid.  

1 36445 12=2d.  Sulkra. 

517107600  

204660  758 X  758 X 30b=l  7236920C=3d.Trip.  fq. 

27  758X30  22740=3d.  do.  quo. 


517312287=3d.  Subtra.  1 72391 940=3d.DivIfor. 


172369200X3=517107600 

22740X3X3    =        204660 
3X3X3  =  27 

517312287=3d-  Subtra. 
2d.  What  Is  the  cube  rojt  of  34965783  ?  Ans.  32T. 

3d.  What  is  the  cube  root  of  84-604519  ?  Ans.  439. 

4th.  What  is  the  cube  root  of  -008649  ?  Ans.  -2052+. 

5th.  What  is  the  cube  root  of  -J  J|-  ?  Ans.  4. 

Tojind  the  true  denominator,  to  be  placed  under  the  remainder,  after  the  ope- 
ration i^Jinished. 

In  the  extraction  of  the  cube  root,  the  quotient  is  said  to  be  squar- 
ed and  tripled  for  a  new  divisor  ;  but  is  not  really  so,  till  the  triple 
number  of  the  quotient  be  added  to  it  y  therefore  when  the  operation 
is  finished,  it  is  but  squaring  the  quotient,  or  root,  then  multiplying 
it  by  3,  and  to  that  number  adding  the  triple  number  of  the  root, 
when  it  will  become  the  divisor,  or  true  denominator  to  its  own  frac- 
tion, which  fradion  must  be  annexed  to  the  quotient,  to  complete  the 
root. 

Suppose  the  root  to  be  12,  when  squared  It  will  be  144,  and  multi- 
plied by  3,  it  makes  432,  to  which  add  36,  the  triple  number  of  the 
root,  and  it  produces  468  for  a  denominator.* 

Second  Method. 
Rule. 
I.  Having  pointed  the  given- number  into  periods  of  three  figures 
each,  find  the  greatest  cube  in  the  left  hand  period,  subtradting  it 

therel'rom 

*  It  may  not  be  amifs  to  remark  here,  that  the  denomhiators,  both  of  the 
fquare  and  cube,  fbew  how  many  numbers  they  are  denominators  to,  that  is,  what 
numbers  are  contained  between  any  fquare  or  cube  number  and  the  next  fucceed- 
ing  fquare  or  cube  number,  excluiive  of  both  numbers,  for  a  complete  number, 
®f  either,  leaves  no  fraction,  when  the  root  is  extra(5led,  and  confequently  has  no 
ufe  for  a  denominator,  but  all  the  numbers  contained  between  them  have  occafxon 
for  it :— Suppofe  the  fquare  root  to  be  12,  then  its  fquare  is  144,  and  the  denomi- 
nator 24,  which  will  be  a  denominator  to  all  the  fucceeding  numbers,  until  we  come 
to  the  next  fquare  number,  'uiz.  169,  whofe  root  is  13,  with  which  it  has  nothing 
to  do,  for  between  the  fquare  numbers  144  and  169  are  contained  24  numbers  ex- 
cluding both  the  fquare  numbers.  It  is  the  fame  in  the  cube ;  for,  fuppofe  the 
root  to  be  6,  the  cube  number  is  216,  and  its  denominator  126  will  be  a  denom- 
inator to  all  the  fucceeding  numbers,  until  we  come  to  the  next  cube  number,  viz. 
343,  whofe  root  is  7,  with  which  it  has  nothing  to  do,  as  ceahng  then  to  be  a  de- 
nominator ;  for  between  the  cube  343  and  216  are  126  numbers,  excluding  both 
rubes.     And  so  it  is  with  all  other  denominators,  either  in  the  fquare  cr  cube^ 
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therefrom  and  placing  its  root  in  the  quotient  ;  to  the  remainder  bring 
■down  the  next  period  and  call  it  the  dividend. 

%  Under  this  dividend  write  the  triple  square  of  the  root,  so  tliat 
units  in  the  latter  may  stand  under  the  place  of  hundreds  in  the  for- 
mer ;  and  under  the  said  triple  square,  write  the  triple  root,  removed 
one  place  to  the  right  hand,  and  call  the  sum  of  these  the  divisor. 

3.  Seek  how  often  the  divisor  may  be  had  in  the  dividend,  exclu- 
sive of  the  place  of  units,  and  write  the  result  in  the  quotient. 

4.  Under  the  divisor  write  die  produd  of  the  triple  square  of  the 
root  by  the  last  quotient  figure,  settinp^  down  the  imit's  place  of  this 
,line,  under  the  place  of  tens  in  the  divisor  ;  under  this  line,  write  the 
produd  of  the  triple  root  by  the  square  of  the  last  quotient  figure,  so 
as  to  be  removed  one  place  beyond  the  right  hand  figure  of  the  for- 
mer ;  and,  under  this  line,  removed  one  place  forward  to  the  right 
hand,  write  down  the  cube  of  the  last  quotient  figure,  and  call  their 
sum  the  subtrahend. 

5.  Subtradl  the  subtrahend  from  the  dividend,  and  to  the  remain- 
der bring  down  the  next  period  for  a  new  dividend,  with  which  pro 
•ceed  as  before,  and  so  on  until  the  whole  be  finished. 

Example. 
Hequiredthe  Cube  Root  of  161,91277  ? 

16l94277<253=Root. 
8 


8191?         =  First  dividend. 


12  =  Triple  square  of  2. 

6  =  Triple  of  2. 


126  =  First  divisoi'. 


=  Triple  square  of  2,  multiplied  by  5. 

=  Triple  of  2  multiplied  by  the  square  of  "5. 

=  Cube  of  5. 

iG25        =  First  Subtrahend." 


569277  =  Second  dividend, 


1875       =  Triple  square  of  25. 
75     =  Triple  of  25. 


18825     =  Second  divisor- 


5626       =  Triple  square  of  25  multiplied  by  3. 

675     =  Triple  of  25  multiplied  by  the  sqiiare  of  9. 
27  =  Cube  of  3. 


569277  =  Second  subtrajiend. 

■        —  First 
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First  Method  by  Approximation. 
Rule. 

1.  Find,  by  trial,  a  cube  near  to  the  given  number,  and  call  it  the 
wpposed  cube. 

2.  Then  as  twice  the  supposed  cube,  added  to  the  given  number, 
is  to  iwice  the  given  number,  added  to  the  supposed  cube,  so  is  the 
root  of  the  supposed  cube,  to  the  true  root,  or  an  approximation  to  it. 

is.  By  taking  the  cube  of  the  root,  thus  found,  for  the  supposed 
cube,  and  repeating  the  operation,  the  root  will  be  had  to  a  greater 
degree  of  exat^ness. 

Example. 
It  is  required  to  find  tlie  cube  root  of  .54851153  ? 
Let  64<l)000()0=supposed  cube,  whose  root  is  40Q  : 
Then,  6^000000         54-854153 
2  2 


12S00000O       109708306 
54854153  64000000 


As  182854153   :    173708306  ::  400 

400 


1 828541 53)69483322400( 379=root  nearly. 
Again,  let  544-39939  =  supposed  cube,  whose  root  is  379. 
Then,  54439939         54854153 
2  2 


108879878       109708306 
54854153         54439939 


As  163734031  :     164148245  ::  379 
379 


1477334205 
1149037715 
492444735 


163734031)62212184855(379-958793+=:  root  corre<?led. 

Second  Method  by  Approximation. 

Rule. 

1.  Divide  the  resolvend  by  three  times  the  assumed  root,  and  re- 
serve the  quotient. 

2.  Subtrad  one  twelvth  part  cf  the  square  of  the  assumed  root 
from  the  quotient. 

3.  Extrad  the  square  root  of  the  remainder. 

4.  To  this  root  add  one  half  of  the  assumed  root,  and  the  sum  will 
be  the  true  root,  or  an  approximation  to  it  ;  take  this  approximation 
as  the  assumed  root^  and,  by  repeating  the  process,  a  root  farther  ap- 
proximated will  be  found,  which  operation  may  be  farthet  repeate<j|', 

as 
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as  often  as  necessary,  and  the  root  discovered  to  any  assigned  exad- 
ness. 

Note.  In  order  to  find  the  value  of  the  first  assumed  root,  in  this 
or  any  other  power,  divide  the  resolvend  into  periods  by  beginning  at 
the  place  of  units,  and  including  in  each  period,  so  many  figures  as 
there  are  units  in  the  exponent  of  ihe  root  ;  viz.  iJ  figures  in  the  cube 
root ;  4  for  the  biquadrate,  and  so  on  ;  then,  by  a  table  of  powers,  or 
otherwise,  find  a  figure,  which  (bel|^  involved  to  the  power  whose 
exponent  is  the  same  with  that  of  the  required  root)  is  the  nearest  to 
the  value  of  the  first  period  ot  the  resolvend  at  the  left  hand,  and  to 
that  figure  annex  so  many  cyphers  as  there  aie  periods  remaining  in 
the  integral  part  of  the  resolvend  ;  tliis  figure,  with  the  cyphers  an- 
nexed, will  be  the  assumed  root,  and  equal  to  r  in  the  theorem  ;  and 
it  is  of  no  importance  whether  the  figure  thus  chosen  be,  when  involv- 
ed, greater  or  less  than  the  left  hand  period,  as  the  theorem  is  the 
same  in  both  cases. 

1st.  What  is  the  cube  root  of  436036824287  ? 
7000=assumed  root. 
3 


21,000)436036824287(20763658-2994 
Subtraft   7000X7000-^-12=4083333-3333 


-/l  6680324-9661=4084- 15 
Add  5  the  assumed  root=3J00 


And  it  gives  the  approximated  root=7584-15 
For  the  second  operation,  use  the  approximated  root  as  the  assum^ 
ed  one,  and  proceed  as  above. 

Third  Method  by  Approximation. 

1.  Assume  the  root  in  the  usual  way,  then  multiply  the  square  of 
the  assumed  root,  by  3,  and  divide  the  resolvend  by  this  product ;  to 
this  quotient  add  ^  of  the  assumed  root,  and  the  sum  will  be  the  true 
root,  or  an  approximation  to  it. 

2.  For  each  succeeding  operation  let  the  last  approximated  root  be 
the  assumed  root,  and  proceeding  in  this  manner,  the  root  may  be 
extraded  to  any  assigned  exactness. 

1st.  What  is  the  cube  root  of  7  ? 

Let  the  assumed  root  be  2.     Then,  2X2X3=12  the  divisor. 

12,7  Of -583  to  this  add  ^  of  2=1-333,  &c.  that  is,  •583+1-333= 
1-916  approximated  root. 

Now  assume  1-916  for  tl?e  root.     Then,  by  the  second  process,  the 

7 

the  root  is       g-^^,Xl•916=l-9126,  5cc. 

2d.  What  is  the  cube  root  of  9  ?  Let  2  be  the  assumed  root  as 
before.     Then,  tV'*'i^2=2-08  the  approximated  root.     Now  assume 

2-08.     Then,  -— :^'-i+1x2-08=2'08008,  &c. 

Sd.  What 
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^d.  What  is  the  cube  root  of  282  ?     Let  6  be  the  assumed  root 

Then,  6x6X3=108,282(2'f)l  1.  &c.  and  2-611+1  of  6=6-61 1  approx- 
imated root.  Now  assume  6-611,  and  it  will  be  6-611X6-611x3= 
131'116)282(2'1507,  &c.  and  2-1507+|  of  6-61 1=6-558  a  farther 
approximated  root. 

4th.  What  is  the  cube  root  of  1728  ? Here  the  assumed  root 

is  10.     Then,    10X10x3=300)1728(5-76,  and  5-76+i-  of  10=12-426. 

Now  assume  12  426,  then  l#426Xl2-426X3=46f3-216428)  1728 

(3-732,  and  3'732+|  of  12-426=12-014  a  farther  approximated  root, 
and  so  on. 

APPLICATION  AND  USE  OF  THE  CUBE  ROOT. 

1.  To  find  two  mean  proportionals  between  any  two  given  num- 
bers. 

Rule. —  1.  Divide  the ^r^«/^r  by  the  less,  and  extra(ft  the  cube 
root  of  the  quotient. 

2.  Multiply  the  root,  so  found,  by  the  least  of  the  given  numbers, 
and  the  produd  will  be  the  leasl. 

3.  Maltiply  this  produdt  by  the  same  root,  and  it  will  give  the 
greatest. 

Examples. 

1st.     What  are  the  two  mean  proportionals  between  6  and  750  ? 

3 

750-r-6=125,  and  ^  125=5.  Then.  5X6=30=least,  and  30X5= 
130=  greatest.     Answer  30  and  150. 

Proof.   As  6  :  30  ::  150  :  750. 

2d.  What  are  the  two  mean  proportionals  between  56  and  12096  ? 

Answer  336  and  2016. 

Note,  The  solid  contents  of  similar  figures  are  in  proportion  to 
each  other,  as  the  cubes  of  their  similar  sides  or  diameters. 

3d  If  a  bullet  6  inches  diameter  weigh  32lb.  ;  What  will  a  bullet 
of  the  same  metal  weigh,  whose  diameter  is  3  inches  ? 

6x6xf5=216.     3X3X3=27.     As  216  :  32lb.  ::  27  :  4lb.  Ans. 

4th.  If  a  globe  of  silver  of  3  inches  diameter,  be  worth  ^.45, 
What  is  the  value  of  another  globe,  of  a  foot  diameter  ? 
3X3X3=27       12Xi2Xl2=1728.     As  27  :  45  ::  1728  :  ^C  2880  Ans. 

The  side  of  a  cube  being  given,  to  find  the  side  of  that  cube  which 
shall  be  double,  triple,  &c.  in  quantity  to  the  given  cube. 

Rule. — Cube  your  given  side,  and  multiply  it  by  the  given  pro- 
portion between  the  given  and  required  cube,  and  the  cube  root  ot 
the  produd  will  be  the  side  sought 

5th  If  a  cube  of  silver,  v/hose  side  is  4  inches,  be  worth  ;^.50, 
I  demand  the  side  of  a  cube  of  the  like  s^ver,  whose  value  shall  \>q. 
4  times  as  much  ? 

3 

4X4X4=64,  and  64x4=256.      .v/256=6-349+inches,  Ans. 
6th.  There  is  a  cubical  vessel,  whose  side  is  2  feet ;  I  demand  the 
side  of  a  vessel,  which  shall  contain  three  times  as  much  ? 

2X2X2=8,  and  8X3=24.     4/24.=2'884=2ft.  10|inches,   Ans. 

7th.   The 
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7lh.*  The  diameter  of  a  bushel  measure  being  IS^-  inches,  and  the 
height  8  indies,  I  demand  the  side  of  a  cubic  box,  which  shall  con- 
tain that  quantity  ?  Ans.  12*907  4-  inches. 

8.  Suppose  a  ship  of  500  tons  has  89  feet  keel,  o6  feet  beam,  and 
is  16  feet  deep  in  the  hold  :  What  are  the  dimensions  of  a  ship  of  200 
tons,  of  the  same  mould  and  shape  ? 

89x89x89=704969=cubed  keel. 
As  500  :  200  ::  704969  :  281987-6  cube  of  the  required  keel. 

V'28I987-6=65-57  feet  the  required  keel. 

As  89  :  65-57  ::  36  :  26-522=y6i  feet,  beam,  nearly. 
As  89 :  65-57  ::  16  :  1 1'7  feet,  depth  of  the  hold,  nearly. 

9.  From  the  proof  of  any  cable  to  find    the  streiigtii    of  any  other. 
Rule — The  strength  of  cables,  and  consequently  the  weights    of 

their  anchors,  are  as  the  cubes  of  their  peripheries. 

If  a  cable,  12  inches  about,  require  an  anchor  of  18cwt.  Of  what 
weight  mubt  an  anchor  be,  lor  a  15  inch  cable  ? 

Cwt.  Cwt. 

As  12X12X12  :  18  ::  15x15x15  :  35-15625  Ans. 

10.  If  a  15  inch  cable  require  an  anchor  35'15625cwt.  :  What 
must  the  circumference  of  a  cable  be,  for  an  anchor  of  18cwt.  ? 

As  35-15625  :  15x15x15  ::  18  :  1728,  and  ^  1728=12  Ans. 
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Rule. 
Extraft  the  square  root  of  the  resolvend,  and  then  the  square   root 
•f  that  root,  and  you  will  have  the  biquadrate  root. 
What  is  the  biquadrate  root  of  20736  ? 


20736( 

1 

144 

144(12  root  required; 

1 

24)107 
96 

22)44 
44 

284) i 136 
•    1136 

/. 

TWO  METHODS  OF  EXTRACTING  THE  BIQUADRATE 
ROOT  BY  APPROXIMATION. 

Rule  I. 
1.  Divide  the  resolvend  by  six  times  the  square  of  the  assumed  root, 
and  from  the  quotient  subtra»51  -^'g-  part  of  the  square  of  ilie  assumed 
root. 

2.  Extraft 

•  Multii)ly  the  fquare  of  the  diameter  by  -7854,  and  the  prodiicfl  by  the  hei^t ; 
the  cube  root  of  the  lafl:  prodinil  u  &.c  anfwer.  Sec  A I^„ /',.,. ..fo:  r*'  .Sv^  ,<:  Vr  „„y 
iVi*.  Art,  30. 
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2.  Extract  the  square  root  of  the  remainder. 

3.  Add  J  of  the  assumed  root  to  the  square  root,  and  the  sum  will 
be  the  true  root,  or  an  approximation  to  it. 

4.  For  every  succeeding  operation,  either  in  this  or  the  following^ 
method,  proceed  in  the  same  manner,  as  in  the  first,  each  time  using 
the  last  approximated  root  for  t.ie  assumed  root. 

The  biquadrate  root  of  20736  is  required. 
Here  10  is  the  assumed  root. 
10x10x6=6  0)2- i73(i(  34-56 
Subiracl.  10xiO-M8  =    ryd'jSS 


-v/  29-0044=5-38 
Add  I  of   10     =6-66 

Approximated  root  12*04,  to  be  made  the  assum- 
ed root  for  the  next  operation. 

Rule  II. 

Divide  the  resolvend  hj  four  times  the  cube  of  the  assumed  root  :■ 
to  the  quotient  add  three  fourths  of  the  assumed  root,  and  the  sum  will 
be  the  true  root,  or  an  approximation  to  it. 

Let  the  biquadrate  of  20736  be  required,  as  before  I 
The  assumed  root  is  10 
10X10X10X4=4000;20736(5-184 
Add  I  of  10=7-5 


Approximated  root  12*684,   to  be  made   the  assumed 
root  for  the  next  operation. 


EXTRACTION  OF  THE  SURSOLID  ROOT  BY  APPROX- 

IMATION. 

A  Particular  Rule.* 

1.  Divide  the  resolvend  hyjlve  times  the  assumed  root,  and  to  the 
^quotient  add  one  t-wentieth  part  oi^  the  fourth  power  of  the  same  root. 

2.  From  the  square  root  of  this  sum  subtract  one  Jourth  pare    of  the 
square  of  the  assumed  root. 

3.  To  the  square  root  of  the  remainder  add  one  half  of  the  assumed 
root,  and  the  sum  is  the  root  required,  or  an  approximation  to  it. 

Note.  This  rule  will  give  the  root  true  toj^w  places,  at   the  least, 
(and  generally  to  eight  or  nine  places)  at  the  first  process. 

Required 


/O 


/G     r"^       rr        r 

±f='V/V    -A--- :  +  - 

^r     20        4        2 
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Inquired  thesursolid  root  of  281950621875  ? 

200  =  assumed  root. 
5 

1000^  28 1950621 -875  quotient 
Add  200X200X200X200-r20y=80000000 


^361950621-875=19025  neaHf. 
Subtrad        200X  200-j-4=10000 

^9025=95 
Add  half  the  assumed  root     =100 

Required  root  195 


A  GENERAL  RULE  FOR  EXTRACTING  THE  ROOTS 
OF  ALL  POWERS, 


*  1.  Prepare  the  given  number,  for  extra«5lion,  by  pointing  off  from 
the  unit's  place,  as  the  required  root  diredts. 

2.  Find  the  drst  figure  of  the  root  by  trial,  or  by  inspedlion  into 
the  table  of  powers,  and  subtra<5l  its  power  from  the  left  hand  period. 

3.  To  the  remainder  bring  down  the  first  figure  in  the  next  peri- 
od, and  call  it  the  dividend. 

4.  Involve  the  root  to  the  next  Inferiour  power  to  that  which  is  giv- 
en, and  multiply  it  by  the  number  denoting  the  given  power,  for  a 
iii)isor. 

5.  Find  how  many  times  the  divisor  may  be  had  in  the  dividend, 
and  the  quotient  will  be  another  figure  of  the  root. 

6.  Involve  the  whole  root  to  the  given  power,  and  subtradl  it  from 
the  gi'ven  number^  as  before. 

7.  Bring  down  the  first  figure  of  the  next  period  to  the  remainder 
for  a  new  dividend,  to  which  find  a  new  divisor,  as  before,  and,  in 
like  manner,  proceed  till  the  whole  be  finished. 

Examples. 


*  The  extradling  of  roots  of  very  high  powers  will,  by  this  rule,  be  a  tedious 
operation  :  The  following  method,  when  pratSticable,  will  be  much  more  conven- 
ient. 

When  the  index  of  the  power,  whofe  root  is  to  be  extratfled,  is  a  compofite 
number,  take  any  two  or  more  indices^  wliofe  produ<5l  is  equal  to  the  given  index^ 
and  extract  out  of  the  given  number  a  root  anfwering  to  another  of  the  indices, 
and  fo  on  to  the  laft. 

Thus,  the  fourth  root=fquare  root  of  the  fquarc  root ; — the  fixth  root=fquare 
root  of  the  cube  root  ; — the  eighth  root  =  fquare  root  of  the  fourth  root ; — the 
ninth  root  =  tl»e  cube  root  of  the  cube  root  ; — the  tenth  root  =  fquarc  root  of 
the  fifth  root : — the  twelfth  root  =  the  cube  root  of  the  fourth,  &i-. 

2...A 


1^1.  EXTRACTION  OF  R00T6 

Examples.  t 

1st.  What  is  the  cube  root  of  20346417  ? 

20346417(273         2x '-^X 2=8  root  of  the  1  ft.  period,  or  1ft.  Subtra. 
23       =        8  =  1ft.  Subtrah.  2X-=4(=next  inferiour  power,)  and, 

4XS=(the  index  of  the  given  pow.)=12  1ft.  Divs. 

22x3=12)123=Dividend       27X'^7x27=19683=2d.  Subtra. 

27  X -7=729  (next  inferiour  power)  and, 

273       =        19683=2d.Subtra.  729X3  (=index  of  the  given  pow.)=2187=2d.Ds 
27'^X3=2187)6634=2d.  Div.     273X^73X273=27346417=3d.  Subtra. 

2733     =     203464 1 7 =3d.  Subtra. 


2d.  What  is  the  biquadrate  root  of  34827998976  ?  Ans.  43I-9+. 
3d.  Extraa  the  siusoHd,  or  Hfth  root  of  281950621875  ?  Ans  195. 
4th.  Extras  the  square  cubed,  or  sixth  root  of  1178420166015625  ? 

*  Ans.  325. 


A   GENERAL*  RULE   FOR  EXTRACTING    ROOTS   BY 
APPROXIMATION. 

1 .  Subtract  one  from  the  exponent  of  the  root  required,  and  mul- 
tiply half  of  the  remainder  by  that  exponent,  and  this  product  by  that 
power  of  the  assumed  root,  whose  exponent  is  two  less  than  that  of 
the  root  required. 

2.  Divide 

*  The  general  theorem  for  the  extracflion  of  all  roots,  by  approximation,  from 
whence  the  rule  was  taken,  and  the  Theorems  deducible  from  it,  as  high  as  the 
twelfth  power.  Let  G=refolvend  whofe  root  is  to  be  extradted.  §  r-f  f=  root 
required  ;  r  being  aflumed  as  near  the  true  root,  and  »;=exponent  of  the  power — 
then  the  equation  will  ftand  thus. 


G                                      m—2  r2                m  —  2 
r  ^e^/ + r.     Hence, 

2 


V'G  r  r  r 

Theorem  for  the  cube  root.  r+f=   — H 

3r  12  2 

V  G  rr        2r 

For  the  Biquadrate    ---      —  —  —   -{-  — 

Qrr        18  3 

VG  sTT      3>- 

For  the  Surfolid (-  — 

lOr^   so    4 

*Jg         2rr  ^^ 

For  the  fquared  cube  root +  *^ 

I5r*   75    5  For 

§  By  this  Theorem  the  fraBion  is  obtained  in  numbers  to  the  loivejl  tirms  in  all  the  odd 
po'wers  ;  and  in  the  even  poivers  only  by  having  the  numerator  and  denominator  found  by  this 
equatioiu 


BY  APPROXIMATION.  19^ 

2.  Divide  the  given  number  by  the  last  produ(!l ;  and  from  the 
quotient  subtract  a  fradion,  whose  numerator  is  obtained  by  sub- 
trading  two  from  the  exponent,  and  multiplying  the  remainder  by  the 
square  of  the  assumed  root  ;  and  whose  denominator  is  found  by 
subtra<5ting  one  from  the  exponent  and  multiplying  the  square  of  the 
remainder  by  the  exponent. 

3.  After  this  subtradion  is  made,  extrad  the  square  root  of  the 
remainder. 

4.  From  the  exponent  subtra(5l:  twoj  and  place  the  remainder  as  a 
numerator  ;  then  subtrad  oneifrom  the  exponent,  and  place  the  re- 
mainder under  the  numerator  for  a  denominator. 

5.  Multiply  this  fradion  by  the  assumed  root ;  add  the  produ<5l:  to 
the  square  root,  before  found,  and  ihe  sum  will  be  the  root  required, 
©r  an  approximation  to  it. 

Example. 

What  Is  the  square  cubed  root  of  11 78420 1660 1 5625  ? 
Let  the  assumed  root  =  300 

Exponent  of  the  required  root  is  6.     Then,— X6=I5. 

300'*=8100000000  and  this  multipliedby  15=^121500000000. 
11784201 6901 5625-Hl21500000000=969893 14,  from  thrs 
6—2x300''  . 

Subtract  '^^"i^  =2400 


Andv'7298-9314==85-43 

To  which  add^Il2x300=  240 

6—1  

And  the  sum  is  the  approximated  root=         325-43 
For  the  2d.  operation,  let  325-43  =  assumed  root. 

ANOTHER 


VG  Crr  +  5r 
For  the  fccond  furfolid —   h 

21r-^       252  6 

\/G  3rr  €r 
For  the  fquared  BIquadrate H 

28»c       196  7 

\/G         Irr  Ir 

For  the  cubed  cube   -- -f  — 

•     36r'       576  8 

VG         4rr  8/- 

For  the  fquared  furfolid  - ^ 

4.;r8        405  9 

\/G  9rr         Or 

For  the  third  furfolid    - +  — , 

SSr'^      1100         10 
\/G  5rr      lOr 

For  the  fquared  fquare  cube +  — &c: 

6(»r  >  o        726         1  1 
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ANOTHER  METHOD  BY  APPROXIMATION.* 
Rule. 

1.  Having  assumed  the  root  in  the  usual  way,  involve  it  to  that 
power  denoted  by  the  exponent  less  1. 

2.  Multiply  this  power  by  the  exponent. 

3.  Divide  the  resolvend  by  this  produdl,  and  reserve  the  quotient. 

4.  Divide  the  exponent  of  the  given  power,    less  1,  by  the  expot- 
nent,  and  multiply  the  assumed  root  by  the  quotient. 

5.  Add  this  produd  to  the  reserved  quotient,  and  the  sum  will  he 
the  true  root,  or  an  approximation.        • 

6.  For  every  succeeding  operation,  let  the  root  last  found,  be  the 
assumed  root. 

Example. 

What  is  the  square  cubed  root  of  1 1 78420 1 6601 5625  ? 
The  exponent  is  6.     Let  the  assumed  root  be  300. 

Then 

•  A  rational  formula  for  extradting  the  root  of  any  pure  power  by  approxima- 
tion. 

Let  the  refolvend  be  called  G,  and  let  rA-e  be  the  required  root,  r  being  af- 
fumed  in  the  ufual  way. 

1                                                G  «— 1 

Let  G  —  be  required ;  then  r±_  e  = 1 r  the  general  Theorem. 

m                                               m — 1  m 
mr 

G  2 

Hence,  For  the  cube  root    r±z  »  =  • —    -f  — r, 

3r«  3 

G  3 

For  the  biquadrate  -    - -f  — r. 

4r3  4 

G  4 

For  the  furfolid      -    - +  _r. 

5r*  5 

G  5 

For  the  fquare  cubed     -    -   -f-  — r. 

6rS  6 

G  6 

For  the  feventh  root    - -*-  ^-r> 

G  7 

For  the  eighth    -    -    - +    — r. 

8r'  g 

G  8 

For  the  ninth     -     -*    - 4.    — ^ 

9r8  9 

G  9 

For  the  tenth   -     -    - 4.    —  ^. 

10r9  10 

G  10 

For  the  eleventh    -    -    -    — -  -f   — *■. 

Ilr»0  11 

G  11 

For  the  twelfth     -    - +   —r.  &c. 

12r»*  12 
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Then,  300^X6=14580000000000. 
14580000000000)1 1784201660  i5625(80'824. 
AddJX  300=250 


330'824=approxlmated  root. 
For  the  next  operation,  let  330*824  be  the  assumed  root. 


OF  PROPORTION  IN  GENERAL. 

NUMBEP».S  are  compared  together  to  discover  the  relations  they 
have  to  each  other. 

There  must  be  two  numbers  to  form  a  comparison  :  the  number, 
which  is  compared,  being  written  first,  is  called  the  antecedent ;  and 
that,  to  which  it  is  compared,  the  consequent. 

Numbers  are  compared  with  each  other  two  difFereut  ways  :  The 
one  comparison  considers  the  difference  of  the  two  numbers,  and  is  cal- 
led arithmetical  relation,  the  difference  being  sometimes  named  the 
arithmetical  ratio  ;  and  the  other  considers  their  quotient^  which  is  term^ 
ed  geometrical  relation,  and  the  quotient,  the  geometrical  ratio. 
Thus,  of  the  numbers  12  and  4,  the  difference  or  arithmetical  ratio,  is 

12 
12—4=8  ;  and  the  geometrical  ratio  is  —  =  3.* 

4 

If  two,  or  more,  couplets  of  numbers  have  equal  ratios,  or  differ- 
ences, the  equality  is  termed  proportion  ;  and  their  terms,  similarly 
posited,  that  is,  either  all  the  greater,  or  all  the  less  taken  as  antece- 
dents, and  the  rest  as  consequents,  are  called  proportionals.  So  the 
two  couplets  2,  4,  and  6,  8,  taken  thus,  2,  4,  6,  8,  or  thus,  4,  2,  8,  6, 
are  arithmetical  proportionals  ;  and  the  two  couplets,  2,  4,  and  8,  16, 
taken  thus,  2,  4,  8,  16,  or  thus,  4,  2,  16,  8,  are  geometrical  propor- 
tionals.f 

Proportion 

*  Ratios  are,  here,  alv/ays  confidered  as  the  refult  of  the  greater  term  of  compar- 
ifon  dirainiflied,  or  divided,  by  the  lefs  ;  not  regarding  which  of  them  be  the 
antecedent. 

f  To  denote  numbers  as  being  geometrically  proportional,  the  couplets  are  fep- 
arated  by  a  double  colon,  and  j^Wbn  is  written  between  the  terms  of  each  coup- 
let ;  we  may,  alfo,  denote  arithmetical  proportionals  by  feparating  the  couplets  by 
a  double  colon,  and  writing  a  colon  turned  horizontally  between  tlie  terms;  of  each 
couplet.  So  the  above  arithmetical  may  be  written  thus,  2  ••  4  ::  C  ••  8,  and  4  ••  2 
::  8  ••  6  ;  where  the  firft  antecedent  is  lefs  or  greater  than  its  confequcnt  hy  ju(l  fo, 
much  as  the  lecond  antecedent  is  lefs  or  greater  than  its  confeqiieni  :  -.Viid  the 
geometricals  thus,  2  :  4  ::  8  :  16,  and  4  :  2  ::  16  :  8  ;  where  the  firft  aut<'ccdent  i$ 
contained  in,  or  contains  its  confequcnt,  juft  fo  often,  as  the  fecond  is  conctitied  in, 
or  contains  its  ccnfequent. 

Four  numbers  are  laid  to  be  reciprocally  or  inverfely  proportional,  when  the  fourth 
18  lefs  than  the  fecond,  by  as  many  times,  as  the  third  is  greater  tnau  the  vvV .   or 
when  the  firft  is  to  the  third,  as  the  fourth  to  the  fecond,  and  vice  vcrfa. 
f>,  G  and  3,  arc  reciprocal  proportionals. 

Note. 
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Proportion  Is  distinp^uished  into  continued  and  discontinued.  If, 
of  seveial  couplets  of  proportionals,  written  down  in  a  series,  the  dif- 
erence  or  ratio  of  each  consequent,  and  the  antecedent  of  the  next 
following  couplet,  be  the  same  as  the  common  difference  or  ratio  of 
the  couplets,  the  proportion  is  said  to  be  continued,  and  the  numbers 
themf^elves,  a  series  of  continued  arithmetical  or  geometrical  propor- 
tionals. So  2,  4,  6,  8,  form  an  arithmetical  progression  ;  for  4 — 2= 
6-  4=8 — 6=2;  and  2,  4,  8,  16,  a  geometrical  progression  ;  for  J= 
J-V'=2 

But,  if  the  difference  or  ratio  of  the  consequent  of  one  couplet,  and 
the  aiuecedent  of  the  next  couplet  be  not  the  same  as  the  common 
difference  or  ratio  of  the  couplets,  the  proportion  is  said  to  be  dis- 
continued, bo  4,  2,  8,  6,  are  in  discontinued  arithmetical  propor- 
tion ; 

Note.  It  is  common  to  read  the  geometricals  2  :  4  -.:  8  :  16,  thus,  2  is  to  4  as  8 
to  1  fi,  or,  As  2  to  4  fo  is  8  to  1 6. 

Hnrmonical  Proportion  is  that,  which  is  between  thofe  numbers  which  iiflign  the 
lengths  of  mufical  intervals,  or  the  lengths  of  firings  founding mufical  liCtcs;  ^ndof 
three  numbers  it  is,  when  thcjlrji  is  to  the  third,  as  the  dljferencc  bct'ween  thejirjl  andfuond 
Is  to  the  difference  hetiveen  thefecond  and  third,  as  the  numbers  3,  4,  6.  Thus,  ii  the 
lengths  of  firings  be  as  thefe  numbers,  they  will  found  an  oiftave  3  to  6,  a  6fth  2 
to  3,  and  a  fourth  3  to  4. 

Again,  between  4  numbers,  when  tbefirjl  is  to  the  fourth^  as  the  difference  between  the 
frjl  andfecond  is  to  the  difference  betiveen  the  third  and  fourth,  as  in  the  numbers  5,  6,  8, 
JO ;  for  firings  of  fuch  lengths  will  found  an  odlave  i  to  10 ;  a  fixth  greater,  6  to 
10  ;  a  third  greater  8  to  10  ;  a  third  lefs  5  to  6  ;  a  fixth  lefs  5  to  8  ;  and  a  fourth 
6  to  8. 

A  feries  of  numbers  in  harmonical  proportion  Is,  reciprocally,  as  another  feries 
Jn  arithmetical  proportion. 

,     C H.-irmonical     10  •  12  ••  15  ••  20  •■  30  •  607 

^  (Arithmetical  6  ••  5  -  4  ••  3  ••  2  ••  \\  for  here  10  :  12  ::  5  :  6  ;  and  12 
:  15  ::  4  :  5,  and  fo  of  all  the  refl.  Whence  thofe  feries  have  an  obvious  relation  to, 
and  dependence  on,  each  other. 

1.  Let  a,  A  f,  be  the  three  numbers  in  mufical  proportion.  Then,  becaufe  we 
have  a  :  c  r^a-b  :  b  -c  \  therefore,  ab-acz=ac-bc  ;  whence,  if  any  two  of  the  three 
be  given,  the  other  may  be  found  by  the  following  I'heorems. 

ab  2ac  ch 

I. =«.     II. =  b.      III. —a. 

2a-b  2a-b  2c-b 

For  Exa?nple.  Suppofe  you  would  find  a  mufical  mean  proportional  between  the 

2ac  2500 

monochord  50==a,  and  the  o^ave  25=c  ;  then,   by   Theor.  IL =zb= =33-3, 

a+c  15 

which  is  the  length  of  that  chord,  called  2i  fifth. 

2.  If  there  be  four  numbers  in  mufical  propomOTi,  as  a,  b,  c,  d  ;  then,  fmce  it  is 
aid::  a-b  :  c-d,  we  have  ac-ad=ad-db.  From  which  equation  we  have  the  fol- 
lowing Theorems. 

db  a         2ad-db  ac 

I. =  a.      II.  —  X  '^d-c  =  b.       III. =  c.       IV. =  d. 

2d-c  d  a  2a-b 

Hence,  when  any  three  of  thofe  numbers  are  given,  the  fourth  may  be  found. 
Thus,  let  10,  8,  6  be  given  to  find  a  fourth  harmonical  proportion. 
ay^c  10X6         60 

= =  —  =5,  the  odlave. 

1a-b         20—8         12 

This  harmonical  theory  may  be  carried  much  farther.  See  Martin's  Newtonian 
Philofophy,  Vol.  II.  page  123. 
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tlon  ;  for  4 — '2=:8 — 6=2=common  difference  of  the  couplets,  8 — %=. 
6=difference  of  the  consequent  of  one  couplet  and  the  antecedent 
of  the  next ;  also,  4,  2,   16,  8,  are  in  discontinued  geometrical  pro- 

4     16  16 

portion  ;  for  — ~ — =2=  common  ratio  of  the  couplets,  and  —  =8c= 

2      8  2 

ratio  of  the  consequent  of  one  couplet  and  the  antecedent  of  the  next. 


ARITHMETICAL  PROPORTION. 

Theorem  1. 

IF  any  four  quantities  a,  b,  c,  d,  (2,  4,  6,  8)  be  in  arithmetical  pro- 
portion,* the  sum  of  the  two  means  is  equal  to  the  sum  of  the  two 
extremes. f 

And  if  any  three  quantities,  ^,  hj  Cy  (2,4,  6,)  be  in  arithmetical 
proportion,  the  double  of  the  mean  is  equal  to  the  sum  of  tlie  ex- 
tremes. 

Theorem  2. 

In  any  continued  Arithmetical  Proportion  (I,  3,  5,  7,  9,  11)  the 
sum  of  the  two  extremes,  and  that  of  every  other  two  terms,  equal- 
ly distant  from  them,  are  equal.     Thus,   1+11  =  3+9= 5+1.% 

When  the  number  of  terms  is  odd,  as  in  the  proportion  3.  8.  13. 
18.  23,  then,  the  sum  of  the  two  extremes  being  double  to  the  mean 
or  middle  term,  the  sum  of  any  other  two  terms,  equally  remote 
fVom  the  extremes,  must  likewise  be  double  to  the  mean. 

Theorem  3.  . 
In  any  continued  Arithmetical  Proportion,  (^,  a+i,  a+2i,  a+Sb,  a+ 
4^,  &c.  (4,  4+2,  4+4,  4+6,  4+8,  &c.)  the  last  or  greatest  term  is  equal 
to  the  first  or  least  more  the  common  difference  of  the  terms  drawn 
into  the  number  of  all  the  terms  after  the  first,  or. into  the  whole 
number  of  die  terms,  less  one.^ 

Theorem 

*  Although,  in  the  comparifon  of  quantities  according^  to  their  difFcrenccs,  the 
term  proportion  is  ufed  :  yet  tlie  word /rojrr.^o/i,  is  frequently  fubftituted  in  its  n  om, 
and  is  indeed  more  proper  ;  the  former  form  being',  in  the  common  acceptation  of 
it,  fynonymous  with  ratio,  which  is  only  ufed  in  the  other  kind  of  comparilbn. 

t  For  lince  6-a  (4-2)=(/-c(8-6)  therefore  6-\-c{4+6)=a+d(£+S.)  ^ 

\  Since,  by  the  nature  of  pron;refl'ionals,  the  fecond  term  exceeds  the  firft  by  juft 
fo  much  Hs  its  correfpondiug  term,  the  lafl  but  one,  wanes  of  tiie  lalt,  it  is  evident 
that  when  thefe  correfpondin^  terms  are  added,  tlie  excefs  of  tlie  one  will  make 
food  rhe  defecEt  of  the  other,  and  io  their  fumbe  exatllly  the  fmic  witli  that  of  the 
two  extremes, and  in  the  fime  manner  it  will  appear  that  die  fum  of  any  two  oth- 
er correfponding  terms  muft  be  equal  to  that  of  the  two  extremes. 

§  For  fincee.ich  term,  after  the  firft,  exceeds  that  precedin,^  it  by  the  common 
differcnre,  it  is  plain  iliat  the  1  ;ft  muft  exceed  the  firft  by  lo  many  times  the  com- 
mon dilFerence  as  there  are  terms  cS'^^v  the  lirft  ;  and  therotore  muft  be  equal  to 
the  firft,  and  the  common  difference  repeated  that  number  of  time?. 
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Theorem  4. 
The  sum  of  any  rank,   or  series  of  quantities  in  continued  Arith- 
metical Proportion  ( 1.  3.  5.  7.  9    11)  is  equal  to  the  sum  of  the  two 
extremes  multiplied  into  half  the  number  of  terms.* 


ARITHMETICAL  PROGRESSION. 

ANY  rank  of  numbers,  more  than  two,  increasing  by  a  common 
excess,  or  decreasing  by  a  common  difference,  is  said  to  be  in  Arith- 
metical Progression. 

If  the  succeeding  terms  of  a  progression  exceed  each  other,  it  is 
called  an  ascending  series  or  progression  ;  if  the  contrary,  a  descend- 
ing series. 

«         C    0.     2.  4.  6.     8.   1 0,  &c.  is  an  ascending  arithmetical  series. 

(1.     2.  4.  8.   16.  32,  &c.  is  an  ascending  geometrical  series. 

«     ,    r  J  0.     8.  6.  4.     2.     0,  &c.  is  a  descending  arithmetical  series. 

(^32.   16.  8.  4.     2.      1,  &c.  is  a  descending  geometrical  series. 

The  numbers  which  form  the  series,  are  called  the  terms  of  the 
progression. 

Note. — The  first  and  last  terms  of  a  progression  are  called  the  ex- 
tremes, and  the  other  terms  the  means. 

Any  three  of  the  five  following  things  being  given,  the  other  two 
may  be  easily  found. 

1 .  The  Jirst  term. 

2.  The  last  term 

3.  The  number  of  terms. 

4.  The  common  difference. 

5.  The  sum  of  all  the  terms.  Problem 

*  For,  becaufe  (by  the  fecond  Theorem)  die  fum  of  the  two  extremes,  and  that 
•f  every  other  two  terms,  equally  remote  from  them,  are  equal,  the  whole  feries, 
confifting  of  half  fo  many  fuch  equal  fums  as  there  are  terms,  will  therefore  be 
equal  to  the  fum  of  the  two  extremes,  repeated  half  as  many  times  as  there  are 
terms. 

The  fame  thing  alfo  holds,  when  the  number  of  terms  is  odd,  as  in  the  feries  4, 
8,  12,  10,  20;  for  then,  the  mean,  or  middle  term,  being  equal  to  half  the  fum 
of  any  two  terms,  equally  diflant  from  it  on  contrary  fides,  it  is  obvious  that  the 
value  of  the  whole  feries  is  the  fame  as  if  every  term  thereof  were  equal  to  the 
mean,  and  therefore  is  equal  to  the  mean  (or  half  the  fum  of  the  two  extremes) 
multiplied  by  the  whole  number  of  terms  ;  or  to  the  fum  of  the  extremes  multiplied 
by  half  the  number  of  terms. 

The  fum  of  any  number  of  terms   (x)  of  the  arithmetical  feries  of  odd  num- 
bers 1,  3,  5,  7,  9,  &c.  is  equal  to  the  fquare  (.r^)  of  that  number. 
For,  0+1  or  the  fum  of  1  term    =  1^  or    1 
1+3  or  the  fum  of  2  terms  =  2^  or    4 
4+5  or  the  fum  of  3  terms  =  32  er    9 
9+7  or  the  fum  of  4  terms  =  4*  or  16 
16+9  or  the  fum  of  5  terras  =  5*2  or  25,  &c. 
Whence,  it  is  plain,  that,  let  x  be  any  number  whatever,  the  fum  of  x  terms 
wiU  be  x'^. 

Example. 
The  firft  term,  the  ratio,  and  number  of  terms  given,  to  find  the  fum  of  the 
feries. 

A  gentleman  travelled  29  days,  the  firft  day  he  went  but  1  mile,  and  increafed 
every  day's  travel  2  miles  j   How  far  did  he  travel  ?  29  X  29=841  miles,  An5 
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Problem  I. 

The  first  term,  the  last  term,  ami  the  number  of  terms  being  given,  to  find  the 

common  difference. 

Rule.* 
Divide  the  difference  of  the  extremes  by  the  number  of  terms  less 
1,  and  the  quotient  will  be  the  common  difference  sought. 

Examples. 
1st.  The  extremes  are  3  and  39,  and  the  number  of  terms  is  19  : 
What  is  the  common  difference  ? 

noT 

Extremes. 


-1} 


Divide  by  the  number  of  terms  less  I:=19-7-l=18)36(2  Ans. 

m"  36 

89-— 3  -- 

Or,  — =  2. 

19—1 
2d.  A  man  bad  1 0   ^ons,  whose  several  ages  differed  alike  ;  the 
youngest  was  3  years  old,  and  the  eldest  48  :    What  was  the  com- 
mon difference  of  their  ages  ? 

48—3 

=  5  Ans. 

10—1 
3d.  A  man  is  to  travel  from  Boston  to  a  certain  place  in  9  days, 
and  to  go  but  5  miles  the  first  day,  increasing  every  day  by  an  equal 
excess,  so  that  the  last  day's  journey  may  be  37  miles :  Required  the 
daily  increase  ? 

37—5 

=  4  Ans. 

9—1 
Problem  II. 
The  first  term,  the  last  term,  and  the  number  of  terms  being  given,  to  find  the 
sum'  of  all  the  terms. 

RuLEf — Multiply  the  sum  of  the  extremes  by  tlie  number  oi 
terms,  and  half  the  produdt  will  be  the  answer. 

Examples. 

*  The  difference  of  the  lirft  and  lafl:  terms  evidently  fliews  the  increafe  of  the 
firfl:  term  by  all  the  fubfetjuent  additions,  till  it  becomes  equal  to  the  laft ;  and  as 
the  number  of  thoic  additions  was  one  lefs  than  the  number  of  terms,  and  the  in- 
creafe, by  every  addition,  equal,  it  is  plain  that  the  total  increafe,  divided  by  the 
number  of  additions,  muft  give  the  difference  of  every  one  feparately  ;  whence 
the  rule  is  manifeft. 

f  Suppofe  another  feries  of  the  fame  kind  with  the  given  one  be  placed  under 
it  in  an  inverfe  order  ;  then  will  the  fum  of  any  two  correfponding  terms  be  th* 
fame  as  that  of  the  firfl  and  lafl;  confequcntly,  any  one  of  thofe  fums,  multiplifd 
by  the  number  of  terms,  muff  give  the  wh()le  lum  of  the  two  Icries. 
Let        1,   '2,    3,    4,    5,    6',    7,   8,  be  the  given  i'erics. 
And      8,    7,    G,   5,   4,    3,    2,    ] ,  the  fame  inverted. 
Then,  9+9+9+94-9-f-9+9-Hy-!>X«-— 72,  and 

72 

l-f-2+3+4+5-fG-f7  +  8=— =:3<J. 
o 

2...B 
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Examples. 
,  1st.  The  extremes  of  an  arithmetical  series  are  3  and  39,  and  the 
number  of  terms  1 9  :  Required  the  sum  of  the  series  ? 

,    o>   Extremes.        * 

Sum  =  42 
Number  of  terms  =  x  I  '9  ^ 

378 
42 

2)798 

39+3x19        ^  

Or, =399.  399  Ans. 

2 

2d.  It  is  required  to  find  how  many  strokes  the  hammer  of  a  clock 
would  strike  in  a  week,  or  168  hours,  provided  it  increased  1  at  each 
hour  ? 


168+1X168 

=  14196  Ans. 

2 
3d.  Suppose   a  number  of  stones  were  laid  a  yard  distant  from 
each  other  for  the  space   of  a  mile,  and  the  first  a  yard  from  a  bas- 
ket :   What  length  of  ground  will  that  man  travel  over,  who  gath- 
ers them  up  singly,  returning  with  them  one  by  one  to  the  basket  ? 

3520  +  2X1760 

=3099360  yards  =  1761  miles,  Ans. 

2 
N.  B    In  this  question,  there  being  1760  yards  in  a  mile,  and  the 
man  returning  with  each  stone  to  the  basket,  his  travel  will  be  doub- 
led ;  therefore  the  first  teim  v/ill  be  2,  and  the  last  1760X2,  and  the 
number  of  terms  1760. 

4l;h.  A  man  bought  25  yards  of  linen  in  Arithmetical  Progression  ; 
for  the  4th  yard  he  gave   12  cents,    and  for  the  last  yard  75  cents  : 
What  did  the  whole  amount  to,  and  what  did  it  average  per  yard  ? 
75—12 

=3  the.  common  difference  by  which  the  first  term  is  found  to 

22—  I  .  [be  3. 

75+3X25 

Then =9D.  75c.  and  the  average  price  is  39  cents  per  yard. 

2 
5th.  Required  the  sum  of  the  first  1000  numbers  in  their  natural 

order  ?  

looo+ixiooo 

=  500500  Ans. 

2 

Problem 
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Problem  III. 
Given  the  extremes  and  the  common  difference^  to  find  the  number  of  terms. 
Rule.* — Divide  the  difference  of  the  extremes  by  the  common  dif- 
ference, and  the  quotient  increased  by  1  will  be  the  number  of  terms 
required. 

Examples. 
]st.  The  extremes  are  3  and   39,  and  the  common  difference  2  : 
What  is  the  number  of  terms  ? 


39") 
-  3| 


Extremes, 


Common  difference  =  2)36 

Quotient  =  18 
►Add  1 

19  Ans. 
39--3 

Or, +  1  =  19. 

2 
2d.   A  man  going  a  journey,  travelled  the  first  day  7  niiles,  the  last 
day  .51  miles,    and  each  day  increased  his  journey  by  4  miles  :    How 
many  days  did  he  travel,  and  how  far  ? 

.01—7  514-7x12 

4- 1  =  12  days,  and =348  miles,  Ans. 

4  2 

Problem  IV. 
The  extremes  and  common  difference  given,  to  jind  the  sum  of  all  the  series. 
Rule. — Multiply  the   sum  of  the  extremes  by  their  difference  in- 
creased by  the  common  difference,  and  the  produ<ft  divided  by- twice 
the  common  difference  will  give  the  sum. 

Examples. 
1st.  If  the  extremes  are  3  and  39,  aad  the  common  difference  l! : 
What  is  the  sum  of  the  series  ? 
39+3=42  sum  of  the  extreme^ 

39 3=!56=difference  of  extremes. 

36+2=:38=difference  of  extremes  increased  by  the  common  differ- 
ence. 42 

X  38 

336 
126 

Twice  the  common  difference=4)  1 596 

399  Or, 

*  By  the  firft  Problem,  the  diflerenre  of  the  .extre;nies,  divided  by  the  tnunber 
4if  terms  It-Is  1,  gave  the  common  diflercnc! ;  confcqucntly,  the  fame  divided  by 
the  common  diflerence,  muft  give  the  number  of  terms  Icfs  1 ;  hciice,  this  quo- 
ticut,  augmented  by  1 ,  muft  be  the  ajiiwer  to  the  tiueftion. 
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39+3x39—3+2 

Or, =  399. 

2X2 

2d.  A  owes  B  a  certain  sum,  to  be  discharged  in  a  year,  by  pay* 
ing  6d,  the  first  week,  18d.  the  second,  and  thus  to  increase  every 
weekly  paynnent  by  a  ^shilling,  till  the  last  payment  be  21.  lis.  6d.  : 
What  is  the  debt  ? 


51-5+-5X51-5— '5+1 

=:£,Q1  12s.  Ans. 

1X2 

Problem  V. 
The  extremes  and  the  sum  of  the  series  ghen,  tojind  the  common  difference. 

Rule. — Divide  the  produft  of  the  sum  and  difference  of  the  ex- 
tremes, by  the  difference  of  twice  the  sum  of  the  series,  and  the  sum 
of  the  extremes,  and  the  q\iotient  will  be  the  common  difference. 

Examples. 
1st.  Let  the  extremes  be  3  and  39,  and  the  sum  399  :   What  is  the 
common  difference  ? 

Sum  of  the  extremes  =  39  +  3  =     42 
Diff.  of  the  extremes  =  39—3  =  X  m 

252 
126 


399X2— 42  =  756)1512(2  Ans. 
1512 


39+Sx  39- 
Or,==-= 


399X2-39+3 
2d.  A  owes  B  671.  12s.  to  be  discharged  in  a  year,  by  weekly  pay- 
ments ;  the  first  payment  to  be  6d.  and  the  last,  21.  lis.  6d.  ;  What 
is  the  common  difference  of  the  payments,  and  what  will  each  pay- 
ment  be  ? 


51-5+-5X51-5— -5 

— =  Is.  and  6d.+ls.=ls.  6d.=2d.  payment,  Is. 

1352X2— 51  •5+-5 
6d.+ls.=2s.  6d.=3d.  payment,  &c. 

Problem  VI. 
The  extremes  and  sum  of  the  series  given,  tojind  the  number  of  terms* 

Rule. — ^Twice  the  sum  of  the  series,  divided  by  the  sum  of  the 
extremes,  will  give  tlie  number  of  terms. 

Examples. 
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Examples. 
1st.  Let  the  extremes  be  3  and  39,  and  the  sum  of  the  series  399 : 
^hat  is  the  number  of  terms  ? 

Sum  of  the  series  =  399 
X      2 

Sum  of  extremes  ===39+3=42)708(19  Ans. 

42 

378 
399X2  378 

Or, =  19. 

39+3 
2d.  A  owes  B  671.  12s.  to  be  paid  weekly  in  Arithmetical  Pro- 
gression, the  first  payment  to  be  6d.  and  the  last  to  be  51s.  6d. :   How 
many  payments  will  there  be,  and  how  long  will  he  be  in  discharging 
thie  debt  ? 

}'352x2 

=52  payments,  and  as  many  weeks,  Ans. 

51-6+-5 

Problem  VII, 

The  first  ternif  the  common  differencey  and  sum  of  the  series  given,  to  find  the 

number  of  terms. 

Rule. — To  the  square  of  the  difference  of  twice  the  first  term  and 
the  common  difference,  add  the  redangle  (or  produft)  of  the  sum 
and  the  common  difference  multiplied  by  8,  and  extradl  the  square 
root  of  the  sum,  from  which  root  take  twice  the  first  term  less  the 
common  difference ;  divide  the  remainder  by  twice  the  common  dif- 
ference, and  the  quotient  will  be  the  number  of  terms. 

Example. 
If  the  first  term  be  3,  the  common  difference  2,  and  the  sum  of 
the  series  399  :  Required  tlie  number  of  terms  ? 

3  X  2=6=  Twice  the  sum  of  the  first  term. 

6 — 2=4=  Difference  of  twice  the  first  term  and  the  common  diff. 

4  X  4=16=  Square  of  the  said  difference. 

399  X  2  X  8=6384=  Redangle  of  the  sum  and  com.  diff.  mult,  by  8. 

63844-16=6400=  Sum  of  the  said  eightfold redangle  and  the  square 
of  the  aforesaid  difference. 

t^  6400=80=  Square  root  of  the  last  mentioned  sum. 

80—4=76=  Difference  of  the  said  root  and  twice  the  first  term  less 
the  common  difference. 

76 

—  =  19  The  number  of  terms. 

4 


-V/  3x2—2 1  +399x2X8—3x2—2 

Or, =  19. 

2X2 

Problem 
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PROBtEM  VIII. 

Thejirst  term,  the  common  difference,  and  the  sum  of  the  series  given,  tojind 

the  last  term. 

Rule. — To  the  square  of  the  difFerence  of  twice  the  first  term  and 
the  common  difFerence,  add  the  redangle  of  the  sum  and  the  com- 
mon difFerence,  and  extrad  the  square  root  of  their  sum,  from  which 
root  take  the  common  difFerence  ;  and  the  remainder,  divided  by  % 
will  be  the  last  term. 

Example. 

If  the  first  term  be  3,  the  common  difFerence  2,  and  the  sum  of 
the  series  399  :   What  is  the  last  term  ? 

3x2=6.  6—2=4.  4X4=16.  399x2xS=6384  6384+16=6400.  ^ 
640=80.  80~r2=78      And  78h-2=39  the  Answer. 


^    3x2—2]  +399x2x8—2 
Or, =  39. 


Problem  IX. 
Thejirst  term,  the  common  difference,  and  the  number  of  terms  given,  tojind 

the  last  term. 
Rule. — The  number  of  terms  less  1,  multiplied  by  the  common 
diflPerence,  and  the  first  term  added  to  the  produ(fl,  will  give  the  last 
term. 

Examples. 
1st.  If  the  first  term  be  3,  the  common  difFerence  2,  and  the  num^ 
ber  of  terms  19 :     What  is  the  last  term  ? 
Number  of  terms  =19 

Number  of  terms  less  1=18 
Common  difFerence  =  X  2 


36 
First  term  =  +  3 


39  the  Ans. 


Or,  19—1x2+3=39. 

2d.  A  owes  B  a  certain  sum  to  be  paid  in  Arithmetical  Progress 
sion  ;  the  first  payment  is  6d.  the  number  of  payments  52,  and  the 
common  difference  of  the  payments  is  12d.  :  What  is  the  last  pay- 
ment? 52  -l-Xl2+6=618d.=21.  lis.  6d.    Ans, 

Problem  X- 
Thejirst  term,  common  difference,  and  number  of  term  given,  tojind  the  sum 

of  the  series. 
Rule. — To  the  first  term  add  the  produd  of  the  number  of  terms 
less  1  by  half  the  common  difference,  and  their  sum,  multiplied  by 
the  number  of  terms,  will  give  the  sum  of  the  progression. 

Examples. 
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Examples. 
1st.  If  the  first  term  be  3,  the  common  difference  2,  and  number 
©f  terms  J  9  :  What  is  the  sum  of  the  series  ? 

First  term  =    3 

Add  the  produd  of  the  number  of  terms  less  ?  _  ,  q  i  _  i  q 

Ihyi  Gommon  difference  ^  -  19  —  1X1  _  18 

Their  sum  21 . 
Multiply  by  the  number  of  tersis  =  19 

189 
21 


Or,   19X3+19—1x1=399  Ans.  =  399 

2d.  Sixteen  persons  gave  chanty  to  a  poor  man  ;  the  first  gave  7c. 
and  the  second  12c.  and  so  on  in  arithmetical  progression  ;  I  demand 
what  sum  the  last  person  gave,  and  how  much  the  poor  man  receiv- 
ed in  all  ? 


Answer  16^  1X5+7=  82c.  the  last  gave. 


And  16X7+16— lx|=712c.=D.  7  12c.  the  whole  sum. 

Problem  XI. 
Given  thejirst  ternii  the  number  of  terms ^  and  the  sum  of  the  series,  tojlnd 
the  common  difference. 
Rule. — From  the  sum  subtract  the  redangle  of  the  first  term  and 
number  of  terms  ;  twice  the  remainder,  divided  by  the  produ(5l  of  the 
number  of  terms  and  number  of  terms  less  1,  will  give  the  common 
difference. 

Example. 
If  the  "first  term  be  3,  the  number  of  terms  19,  and  the  sum  399  : 
What  is  the  common  difference  ? 

Sum  of  the  series  =  399 

Subtra<5l  the  produ(5l  of  the  first  term  and")  _  o  y  ,q  _  e-- 

number  of  terms  j-c5Xiy-57 

Remainder'^  342 
Multiplied  by     2 
Divide  by  the  produ^  of  the  number")  _tQxi 8-^40 i^/o  A«<= 
of  terms  and  number  of  terms  less  1    ]  -19X18-342)684(2  Ans. 

684 


2X399—3X19 

Or,    .— =2 

19—1X19 

Problem  XII. 
Given  thejirst  term,  number  of  terms,  and  the  sum  of  the  series,  to  find  the 

last  term. 
Rule. — Divide  twice  the  sum  by  the  number  of  terms ;  fromilie 
quotient  take  the  first  term,  and  the  remainder  will  be  the  last. 

Examples. 
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Examples. 
1st.  If  the  first  term  be  3,  the  number  of  terms  19,  and  the  sum 
399  ;    What  is  the  last  term  ? 

Sum  of  the  terms  =  399 
Multiply  by     2 


Divide  by  the  number  of  terms  =  19)798 


Quotient  =  42 
Subtradl  the  first  term  =    3 


399X2  Answer  =39 

Or, 3  =  39. 

19 
2d.  A  merchant  being  indebted  to  12  creditors  D.2460,  ordered 
his  clerk  to  pay  the  first  D.40,  and  the  rest  increasing  in  arithmetical 
progression  :  I  demand  the  difference  of  the  payments,  and  the  last 
payment  ? 


2X2460-— 40X12  2460X2 

Ans =30D.=diff.and 40=370D.last  paymt. 

I2--1X12  12 

Problem  XIII. 
The  common  difference^  the  last  terrtiy  and  sum  of  the  progression  giveUf  tojind 

thejirst  term.. 
Rule. — From  the  square  of  twice  the  last  term  plus  the  common 
difi^erence,  take  8  times  the  redangle  of  the  sum  and  common  dif- 
ference, and  extrad  the  square  root  of  the  remainder,  which  (root) 
either  add  to,  or  subtract  from  the  common  difference,  (as  the  case 
may  require)  and  half  the  sum  or  difference  will  the  first  term.- 

Examples. 
1  St.  If  the  common  difference  be  2,  the  last  term  39,  and  the  sum 
©f  the  terms  399  :  Required  the  first  term  ? 

Last  term  39 
Multiplied  by    2 

Produft  =  78 
Add  the  common  difference  =    2 

80 
Multiplied  by  80 


From  the  square  of  twice  the  last  term  plus  the  com.  diff.  =  6400 
Take  8  times  the  redangle  of  the  sum  and"!  ^399x2x8  =  6384 
common  difference  J 

Remainder  =  16 

Square  root  of  16  =    4 

Sum  of  the  common  difF.  and  the  square  rooot  of  1 6=2+4  =    6 

And  half  the  sum  =  |  =    3  Ans. 
Or, 
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2+>v/^x2+2l  —399X2X8 
Or,  — =  3. 

2.  A  merchant  being  indebted  to  several  persons  D.  1080,  he  or- 
dered his  clerk  to  pay  the  greatest  creditor  D.M-2,  the  greatest  but 
one  D.1S2,  and  so  on,  to  decrease  in  Arithmetical  Progression ;  what 
did  the  least  creditor  receive  ? 

/CI 


10— V  142x2+ J  01  -—1080X10X8 
Ans.- =D.2» 


Problem     XIV. 

Ohen  the  common  difference^  the  last  term-,  and  sum  of  the   series j  to  find  the 

number  of  terms. 

Rule. 
From  the  square  of  twice  the  last  term  plus  the  common  difference 
take  8  times  the  reftangle  of  the  sum  and  common  difference,  and  ex* 
traft  the  square  root  of  the  remainder,  which  (root)  either  subtraft 
from,  or  add  to,  twice  the  last  term  plus  the  common  difference  (as 
the  case  may  require)  and  the  remainder  or  sum,  divided  by  twice  the 
common  difference,  will  give  the  number  of  terms. 

Examples. 
I.  If  the  common  difference  be  2,  the  last  term  39,  and  the  sum  of 
the  terms  399  ;  I  demand  the  number  of  terms.     Last  term  39 

Multiply  by     2 

78 
Add  the  common  difference  =    2 

80 
80 

Square  of  twice  tlie  last  term  plus  the  common  diff.   =  6400 
Sub.  8  times  the  re<5t.  of  the  sum  and  com.  diff.=399x2x8=6384« 


16 

Square  root  of  1 6  =    4 

Sum  of    twice  the  last  term  plus  the   com.   diff  =:;fix2+2=80 

Sum   of  twice   the  last  term  and  com.  diff.  minus )  _  7/- 

the  square  root  of  16=80 — ^  j  ~ 

T() 
Which  iremainder,  divided  by  twice  the   com.  diff.  =  — =  19  Ans* 

4 


39x2+2—-/  39x2+ 2|  —399x2x8 

Or, • ^  19 

2X2  2.  A 

2...C 
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2.  A  merchant  being  indebted  to  several  persons  D.1080,  he  or  - 
dered  his  clerk  to  pay  the  greatest  creditor  D- 142  ;  the  greatest  but 
one  D.132,  and  so  on,  to  decrease  in  Arithmetical  Progression.  Hovt 
manv  creditors  had  he  ? 

/^ ,2 

142x2+10+-/  142x2+101  —1080x10x8 

Ans. =  15  Creditors. 

10X2 


Problem  XV. 
Given  the  last  term,  the  number  of  terms,    and  the  sum  of  the  terms,  to  find  the 

first  term. 

Rule. 
Divide  twice  the  sum  by  the  number  of  terms  ;  from  the  quotient 
subtract  the  last  term,  and  the  remainder  will  be  the  first. 

Examples. 

1.  If  the  last  term  be  39,  the  number  of  terms  19,  and  the  sum  of 
the  series  399  ;  what  is  the  first  term  ? 

Sum  of  the  series  =  399 
Multiply  by      2 

Divide  by  the  number  of  terms  =  19)798 

Quotient  =  42 
From  the  quotient  take  the  last  term  =:  39 

Remainder  =    3  Ans. 
399X2 

Or, 39  =  3. 

19 

2.  A  man  had  10  sons,  whose  several  ages  differed  alike  ;  the  eld- 
est was  48  years  old,  and  the  sum  of  all  their  ages  was  255  :  What 
was  the  age  of  the  youngest  I  255x2 

48  =  3  years,  Ans. 

10 

Problem     XVI. 

Given  the  last  term,  the  number  of  terms,  and  the  sum  of  the  series,  to  find  the 

common  difference. 

Rule. 
Double  the  re6tangle  of  the  number  of  terms  tnd  the  last  term  mi- 
nus  the  sum  of  the  series  ;  divide  the  produd  by  the  redangle  of  the 
number  of  terms  and  die  number  of  terms  minus  1,  and  the  quotient 
will  be  the  common  difference. 

Examples. 
1.  If  the  last  term  be  39,  the  number  of  terms  19,  and  the  sum  of 
the  series  399  ;  what  is  the  common  difference  i 

Number 
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Number  of  terms  =  19 
Multiply  by  the  last  term  =  39 

m 

51 

Reftangle  of  the  number  of)  =  19  x  39  =  741 
terms,  and  the  last  term  j 

Subtrad  the  sum  of  the   series  =  399 

Remainder  =  342 

Multiply  by       2 

Divide  by  the  reftangle   of  1  

the  number  of  terms,  and  i-  =  19  X  18  =  342)684(2  Ans. 
number  of  terms  minus  Ij  684 

2  X  19  X  39—399 

Or, =  2. 

19^1  X  19 
2.  Sixteen  persons  gave  charity  to  a  poor  man  in  such    proportion 
as  to  form  an  arithmetical  series  :  the  last  gave  65c.  and    the    whole 
sum  amounted  to  D.5  60c. :  what  did  each  give,  less  than  the  other, 

from  the  last  down  to  the  first  ? 

2x16x65  —  560 

=4c.  Ans. 

16—1  X   16 
Problem  XVII. 
The  common  differ encci  number  of  terms,  and  the  last   term  given,  to  Jind  the 

Jirst  term. 
Rule. — From  the  last  term  subtrad^  the  produA  of  the  terms  less 
1  by  the  common  diiFerence,  and  the  remainder  will  be  the  first  term. 
Examples. 
1.  If  the  common  difference  be  2,  the  number  of  terms    19,  and 
the  last  term  39  ;  what  is  the  first  ?  I^ast  term  =  39 

Subtradl  the  number  of  terms  less  1 1    _  x  9  —  36 

multiplied  by  the   common   difference  J  ""  ~~ 


Remains    3  Ans. 
Or,  39— 19— 1x2  =  3. 
2.  A  man  travelled  6  days,  each  day  going  4  miles  farther  than  on 
the  preceding  day,  till  the  last  day's  journey  was  40  miles  ;  how  far 

did  he  ride  the  first  day  ?  

40—6—1x4  =  20  miles,  Ans. 
Problem  XVIII. 
The  common  difference,  the  number  of  terms,  and  last  term  given,    to  Jind  the 
sum  of  the  series. 
Rule. — From  the  last  term  take  the  number  of  terms  minus    1, 
multiplied  by  half  the  common  difference,  and  the  remainder,  multi- 
plied by  the  number  of  terms,  will  give  the  sum. 

Examples. 
1.  If  the  common  difference  be  2,  number  of  terms  19,  and  the  last 
term  39  ;  what  is  the  sum  of  the  series  ?  Last  tcrm=39 

Subtradl  the  number  of  terms  less  1 1  __  r^ — r  ^  1  _  10 
jEultiplied  by  J  the  common  difference  j  -    -^  "~  __ 

Remainder  =  21 

Cwried  over. 
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brought  over.  Multiply  by  the  number  of  terms  =19 

189 

21_ 

Answer,  399 


Or,  19X39-19—1x1=399 

2.  .'\  man  performed  a  journey  in  6  days,  and,  each  day,  travelled 
4-  miles  farther  than  on  the  preceding  day,  till  his  last  day's  travel  was 
40  miles  J  how  far  did  he  travel  in  the  whole  ? 

Ans.  6x40— 6— lxj=180  miles. 
Problem  XIX. 
Xhe  sum  of  the  terms,  the  number  of  terms  y  and  the  common  difference  giveny  to. 
find  the  first  term. 
Rule. —  Divide  the  sum  by  the  number  of  terms  ;  from  the  quo- 
tient take  half  the  produft  of  the  number  of  terms,  minus  unity,  by  the 
common  difference,  and  the  remainder  will  be  the  first  term. 

Examples. 

1.  If  the  sum  of  the  series  be  399,  the  number  of  terms  19,  and  the 
common  difference  ^  ;  what  is  the  first  term  ? 

Number  of  terms  =  19)399=sum, 
Quotient  =   21 
Subtra(5l  i  the  produ<5>  of  the  number  of  7  _  TaZTT  x  2  —  18 

terms,  less  1,  by  the  common  difference  j  ~ ~ 

«     Ans.  3 

399       2x19—1 

Or, , =3. 

19  2 

2.  A  man  travelled  180  miles  in  6  days  ;  he  increased  hisjourney, 
each  day,  by  4  miles  :  ho\v  far  did  he  travel  the  first  day  ? 

180       4X6^ 

^ =  20  miles,  Ans. 

6  2 

'  Problem  XX. 

The  sum  of  the  terms,  number  of  terms,  and  the  common  difference  given,  t^ 
find  the  last  term. 
Rule.  —Divide  the  sum  of  the  series  by  the  number  of  terms  ;  to 
the  quotient  add  half  the  produd  of  the  number  of  terms  minus  unity 
by  the  common  difference,  and  the  sum  will  be  the  last  term. 

Examples. 
\.  If  the  sum  of  the  series  be  399,  the  number  of  terms  19,  and  the 
the  common  difference  2  ;  what  is  the  last  term  ? 

Divide  by  the  number  of  terms  =  19)399  sum. 
Quotient  =  21 

19—1x2 
Add  ^  the   produ<ft  of  the  number  of  7  _  —  18 

terms,  less  1,  by  the  common  difference  J  ~       o 

399    2x19—1  Ans.=  3q 

Or,  +  -- — =39. 

19  2  %.  A, 


ARITHMETICAL  PROGRESSION. 


213 


2.  A  person  bought  a  farm  for  ;f  .510  to  be  paid  monthly  in  arith- 
metical progression,  and  to  be  completed  in  a  year,  each  payment 
to  exceed  that  preceding  by  £.5  :  What  were  the  first  and  last  pay- 
ments ? 


510       5X12—1 
Ans. =151.  the  first  payment,  and 


12  2 

510       5X12—1 

, +  

12  2 


-=70l.  the  last  payment. 


^hefollonvlng  Table  contains  a  summary  of  the  whole  doSrine  of  Arithmetical 

Progression, 


CASES  OF  ARITHMETICAL  PROGRESSION.       | 

Case 

Given   1  Required  |                       Solution.                        | 

1. 

l-a 
n — 1 

^             S 

o+/X« 
2 

2. 

aid    \ 

+1 

d 

^          s 

l^aXl—a+d 
Id  , 

3. 

ah      \ 

I-^-cyJ — a 
2s—l+a 

^          n 

2s 
a-^i 

4. 

..  [ 

^ '  2a-^d  \  *  +  '^ds—.^a^-d 
I 

*/  2a-  d\''^^ds—d 
2 

^4 
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Case       Given    |    Required                           Solution. 

5. 

f  ' 

n^lXd+a 

1                .                j 

^         s 

d 
nXa+n—\X— 

<2 

6. 

»[  ' 

2Xs—£n 

n — \Xn 

I  , 

2s 

a                       j 

n 

7. 

j              d±  ^'iS^i^  —Sds 

1                   * 

*-          n 

1                        ......                  ... 

•    2l+d±  ^'2l^d\^  —%ds 
2d 

8. 

C          ^ 

2s 
n 

^          d 

2X  «/— f 
n — 1X« 

9. 

r         ^ 

/— «-~lx^/ 

^            s 

nXl-^n~~'\xd 

10. 

s          dXn-l 

^          I 

s       dXn — 1 
n           2 

^a  —  first  term. 

I  /  =  last  term. 
\                         Here  <  «  =  number  of  terms. 
,                                     \  d  =  common  difference. 
^                                    *-j-  =  sum  of  all  the  terms. 
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GEOiMETRICAL  PROPORTION. 

Theorem  1. 
IF  four  quantities,  a.  h.  c.  d.  (2.  6.  4.  12.)  be  in  Geometrical  Pro- 
portion, the  produdl  of  the  two  means,  be  (6x4)  will  be  equal  to 
that  of  the  two  extremes,  ad  (2X12)  whether  they  are  continued,  or 
discontinued,*  and,  if  three  quantities,  a.  h.  c.  (2.  4.  8.)  the  square 
©f  the  mean  is  equal  to  the  product  of  the  two  extremes. 

Theorem  2. 
If  four  quantities,  a.  b.  c.  d.  (2.  6.  4.  12.)  are  such,  that  the  pro- 
dud  of  two  of  them,  ad,  (2X12)  is  equal  to  the  produft  of  the  other 
two,  be,  (6X4)  then  are  those  quantities  proportional.f 
Theorem  3. 
If  four  quantities  a.  b.  c.  d.   (2.  6.  4.  12.)  are  proportional,  the 
re<5langle  of  the  means,  divided  by  either  extreme,  will  give  the  oth- 
er extreme.  I 

Theorem  4. 
The  produ(fl:s  of  the  corresponding  terms  of  two  Geometrical  Pro- 
portions are  also  proportional. 

That  is,  if  a ;  ^  :  :  f :  ^  (  2  :  6  :  :  4  :    12,)  and  e:  f::  gi  h  (2  : 
4 :  :  5  :   10,)  then  will  aex  bf\ :  eg :  dh  (2X2  :  6X4  : :  4x5  :  12XlO.)ji 

Theorem  5. 

*  For  fince  the  ratio  of  a  to  ^  (2  to  6)  or  the  part,  which  a  is  of  ^  (2  is  of  6)  is  ex-» 

preffed  by  -  (  -  )  and  the  ratio  of  c  to  </  (4  to  12,)  in  like  manner,  by-  (  —  ) ;  and 

fince,  by  fuppofition,  the  two  ratios  are  equal,  let  them  both  be  multiplied  by  bd^ 

a  2  ^4 

(6X12)  and  the  produAs—  X ^'^  ( — X  6  X 1 2  )and—  x M  — X  6  X 1 2^  will  likewife 
b  ^6  '         d         ^12  ' 

abd      cbd  2X6X12     4X6X12 

Se  equal;  that  is,  —  =  —  or  ad=cb( = ,  or,  2x12=6X4.) 

b         d  ^6  12 

f  For  fince,  by  fuppofition,  the  produdls  ad  {2X1 '2)  amd  be  (6X4)  are  equal,  let 

ad    (a)  be  {  c  )  2X12  (2)    6X4 

koth  be  divided  by  bd  (6  X 1 2)  and  the  quotients  —  ( — )  and  —  ( — ) 

bd  (b)  bdld)6Xl'2(6)  6X12 

(4) 

will  alfo  be  equal ;  and  therefore  a:  b: :  c  :  d. 

(12) 

\  For  by  the  fecond  Theorem,  ad=bc  (2  x  1 2=6  X  4) whence  dividing  both  fides  of 
be  6X4  , 

the  equation  by  a  (2)  we  have  d= — f  12= j  Hence,  if  the  two  means  and  one' 

a  2 

extreme  be  given,  the  other  extreme  may  be  found. 

"      *"  f^     "^    \  '    S  /^      5  .  a     e     e     g   9 

§  For-=-f-= — land -=-(-= — j  by   fuppofition;    whence,  -X-=-X-(- 
b     d^G    12,'         /    6^4     10^  b    J     d     6^0 

2      4       5  a^      <3r,2X2       4X5 

X-= — X — )  by  equal  multiplication  ;  and  confequently  — = — ( = \ 

4     12      lo'  6/    d!6^6X4      I2XlO' 

that  i»,  ar:  If::  eg:  d/j  (2X2  :  6X4  :  :  4x5:  12X10:)  Hctice  it  folU.ws,  th.u  if 
iitiy  quantitiw  be  proportional,  their  Iquarcs,  cubes,  &c.  will  likewife  he  propor- 
tional. 
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Theorem  5. 
If  four  quantities,  a.h.c.d.  (2,  6.  4.  12.)  are  direftly  proportional, 

1.  Direaly,  a  i  b  v.  c  id  {1 

2.  Inversely,  b  -.  a  ::  d  :  c  {Q 

3.  Alternately,  a  :  c  ::  b  :  d  (2 

4.  Compoundedly,  a  :  a+b  ::  c  :  c+d{2 
^,         !  5.   Dividedly,  a  :  b-a  ::  c  :  d-c\'l 


6  :: 

4  : 

12) 

2  :: 

12  : 

4) 

4  :: 

6  : 

12) 

8  :: 

4  : 

16) 

4  :: 

4  : 

8) 

4  :: 

16  : 

8) 

6r: 

:4  : 

12) 

6 

) 

r  — 

:4  : 

12) 

r 

) 

,  V,.  Mixtly,  b-\-a  :  b-a  ::  d-\-c  :  d-c{9i  : 

7.  By  Multiplication,  ra  :  rb  y.  c  i  d[2r 

a      b  (2 

8.  By  Division,  —  :  —  ::  c  :  ^(  — 
•  I  r      r  (r 

Because  the  produ6l  of  the  means,  in  each  case,  is  equal  to  that  of 
the  extremes,  and  therefore  the  quantities  are  proportional  by  Theo* 
rem  1. 

Theorem  6. 

If  three  numbers,  a.  b.  c.  (2.  4.  8.)  be  in  continued  proportion,  the 
square  of  the  first  will  be  to  that  of  the  second,  as  the  first  number  to 
the  third  ;  that  is,  a*  \  b"-  w  a -.  c  (2X2  :  4x4  ::  2  :  8.)* 

Theorem  7. 
In  any  continued  Geometrical  Proportion  (1.  3.  9  27.  81.  &c.)  the 
produft  of  the  two  extremes,  and  that   of  every  other  two  term  g 
equally  distant  from  them  are  equal. f 

Theorem  8. 
The  sum  of  any  number  of  quantities,  in  continued  Geometrical 
Proportion,  is  equal  to  the  difference  of  the  re6langle  of  the  second 
and  last  terms,  and  the  square  of  the  first,  divided  by  the  difference 
©f  the  first  and  second  terms.j:  GEOMETRICAL. 

♦  For  fince  a  :  ^  ::  ^  :  t  (2  :  4  ::  4 :  8)  thence  will  ac^bb  (2X8=4X4)  by  Theo- 
rem 1  ;  and  therefore  aac=iabb  (2X2X8=2X4X4)  by  equal  multiplication f  con- 
fequently,  a"^  :  b"^  ::  a  :  c  (2X2  :  4X4  ::  2  :  8)  by  Iheorem  2. 

In  Hke  manner  it  may  be  proved  that,  of  four  quantities  continually  propor- 
tional, the  cube  of  the  firfl  is  to  that  of  the  fecond,  as  the  firft  quantity  to  the  fourth, 
f  For,  the  ratio  of  the  firfl  term  to  the  fecond  being  the  fame  as  that  of  the  laft 
but  one  to  the  lafl,  thefe  four  terms  are  in  proportion  ;  and  therefore  by  Theorem 
1,  the  recStangle  of  the  extremes  is  equal  to  that  of  their  two  adjacent  terms  ;  and 
after  the  fame  manner,  it  will  appear  that  the  recSlangle  of  the  third  and  laft  but 
two  is  equal  to  that  of  their  two  adjacent  terms,  the  fecond  and  laft  but  one,  and 
^  of  the  reft  ;  whence  the  truth  of  the  propofition  is  manifeft. 

\  For,  let  the  firft  term  of  the  proportion  be  denoted  by  a,  the  common  ratio 
by  r,  the  number  of  terms  by  «,  and  the  fum  of  the  whole  feries  by  j,  then  it  is 
plain  that  the  fecond  term  will  be  expreffed  by  aX''}  or?  '^r  ;  the  third  by  ary^r,  or 

2  2  3  n-\ 

ar  ;  the  fourth  by  ar  Xr,  or,  ar  ;  and  the  «th,  or  laft  term,  by  ar       ;  and  there- 

2  3  fl-2        n-l 

fore  the  proportion  will  ftand  thus,  a-fflr+ar    -^ar    -■  +ar       -{-ar       =:.%r ;  which 

2  3  4  n-l         n 

equation  multijjUed  by  r,  gives   ar+ar     +ar     +ar    +ar        +ar  =rs ;  from 

n 
the  firft  equation  being  fubtratSted,  there  will  remain — a+ar  r=zrs — s  :    Whence, 
n  n-l  n-l 

{ar  — a     rX^r         — a)     arX^r         — aa 

<  =( — )=  .  ;  (Or,  take  any  feries  of  numbers  what- 

{    r-\  r~l         )  ar-a  ever, 
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GEOMETRICAL  PROGRESSION. 

A  GEOMETRICAL  Progression  is,  when  a  rank  or  series  of 
numbers  increases,  or  decreases,  by  the  continual  multiplication,  or 
division,  of  some  equal  number. 

Problem  I. 

Given  one  of  the  extremes.^  the  ratio,  and  the  number  oj  the  terms  of  a  geometri" 

cal  series y  to  find  the  other  extreme. 

Rule. — Multiply,  or  divide,  (as  the  case  may  require)  the  given 
extreme  by  such  power  of  the  ratio,  whose  exponent*  is  equal  to  the 
number  of  terms  lefs  1,  and  the  produd  or  quotient,  will  be  the  oth- 
er extreme. 

Examples. 

ever,  as  2.  6.  18.  54.  162.  486.  and  their  fum  will  be  2+6+18+54+162+486= 
728  :  This  equation  multiplied  by  the  ratio,  will  fland  thus,  6+18  +  54+162+486 
+  1458=2184:  now  it  is  plain  that  the  fum  of  the  fecond  feries  will  be  fo  many 
times  the  firft,  as  is  expreiled  by  the  ratio  ;  fubtradl:  the  firft  feries  from  the  fec- 
ond, and  it  will  give  1458 — 2=2184 — 728,  which  is  evidently  fo  many  times  the 

1458-2     2916-4 

fum  of  the  firft  feries,  as  is  exprefled  by  the  ratio  lefs  1  ;  whence = , 

3-1         6-2 
as  was  to  be  demonftrated.) 

*  As  the  laji  term  or  any  term  near  the  laft,  is  very  tedious  to  be  found,  by  con- 
tinual multiplication,  it  will  often  be  neceflary  in  order  to  afcertaln  them,  to  have 
a  feries  of  numbers  in  Arithmetical  Proportion,  called  indices^  or  exponents.^  beginning 
with  a  cypher,  or  an  unit  whofe  common  difference  is  one. 

When  thefirjl  term  of  the  feries  and  the  ratio  are  dqual,  the  indices  muft  begin 
with  an  unit,  and,  in  this  cafe,  the  produdl  of  any  two  terms  is  equal  to  that 
term,  fignified  by  the/um  of  their  indices. 

rp.  V 1'  2.  3.     4.     5.     6,  &c.  indices,  or  arithmetical  feries. 

'  ^'     12.  4.  8.  16.  32.  64,  &c.  geometrical  feries  (leading  terms.) 

Now,  6+6=1 2=the  index  of  the  twelfth  term,  and 
64X64=4096=the  twelfth  term. 

But,  when  the  frji  term  of  the  feries  and  the  ratio  are  different^  the  indices  muft 
begin  with  a  cypher,  and  the  fum  of  the  indices,  made  choice  of,  muft  be  on:  Lp 
than  the  numL-r  of  terms,  given  in  the  queftion  ;  becaufe)l  in  the  indiees  ftiuids  over 
the  fecond  term,  and  2  in  the  indices,  over  the  tijird  term,  &c.  And,  in  this  cafe,  the 
froduii  of  any  tivo  terms  divided  by  the  frf,  is  equal  to  that  term  beyond  the  firft, 
fignified  by  tlie  sum  of  their  indices. 

.„,  CO.  1.  2.     3.     4.       5.       6,  &c.  indices. 

*     l\.  3.  9.  27.  81.  243.  729,  &c.  geometrical  feries. 

Here,   6  +  5  =  11  the  index  of  the  12th  term. 

729X243=177147  the  12th  term,  becaufe  the  firft  term  of  the  feries  and 
jhe  ratio  are  different,  by  which  mean  a  cypher  ftands  over  the  firft  term. 

Thus,  by  the  help  of  thefe  indices,  and  a  few  of  the  firft  terms  in  any  geomet- 
rical feries,  any  term,  whofe  diftance  from  the  firft  term  is  afligned,  though  it 
were  ever  fo  remote,  may  be  obtained  withtmt  producing  all  the  terms. 

Note.  If  the  ntiio  of  any  geometrical  fcrits  be  double,  the  difference  of  the  greatefi 
and  leaf  terms  is  equal  to  the  fum  of  all  the  terms,  except  the  greatcft ;  if  the 
ratio  be  triple,  tlic  difference  is  double  the  fum  of  all  but  the  greateft  ;  if  the  ratio  be 
quadruple,  the  difference  is  triple  the  fum  of  all  but  the  greateft,  &c. 

In  any  feries  in  —■  decrcafing  to  infinity — if  the  fquure  of  thcfirf  term  be  tUvid- 
ed  by  the  difference  between  the  frf  -dudfcond,  the  quotient  will  be  the  fum  of  the 
feries. 

2...D 
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Examples. 
1.  If  the  first  term  be  4,  the  ratio  4,  and  the  number  of  terms  9  : 
What  is  the  last  term  ? 
1.     2.     3.       4+      4*=       8 

4.   16.  64.  25 6.X25 6=65 5 3 empower  of  the  ratio,  whose  exponent  is 
less  by  1,  than  the  number  of  terms 

65536=  Sth  power  of  the  ratio. 
Multiply  by    4=first  term. 


262144=last  term. 
Or,  4x4^=262144=the  Answer. 
2.  If  rhe  last  term  be  262144,  the  ratio  4,  and  the  number   of 
terms  9,   what  is  the  first  term  ? 

Last  term. 
Sth  power  of  the  ratio  4^=65536)262l44(4=the  first  term. 
252144 
Or,  =4  the  first  term. 


jigaiui  given  the  Jirst  term-,  and  the  ratio  y  to  find  any  other  term  assigned* 

Rule  I. 
When  the  indices  begin  ivith  an  unit. 

1.  Write  down  a  few  of  the  leading  terms  of  the  series,  and  place 
their  indices  over  them. 

2.  Add  together  such  indices,  whose  sum  shall  naake  up  the  en- 
tire index  to  the  term  required. 

3.  Multiply  the  terms  of  the  geometrical  series,  belonging  to  those 
indices,  together,  and  the  produdl  will  be  the  term  sought. 

Examples. 

1.  If  tht  first  term  be  2,   and  the  ratio  2,  what  is  the  I3th  term  ? 

1.  2.  3.     4.      5+5x3=     13 

2.  4.  8.   16.  32X32X8=8192  Ans.  Or,  2X2*^=8192. 

2.  A  merchant  wanting  to  purchase  a  cargo  of  horses  for  the 
West-Indies,  a  jockey  told  him  he  would  take  all  the  trouble  and  ex- 
pence  upon  himself,  of  coUeding  and  purchasing  30  horses  for  the 
voyage,  if  he  would  give  him  what  the  last  horse  would  come  to  by 
doubling  the  whole  number  by  a  half  penny,  that  is,  two  farthings 
for  the  first,  four  for  the  second,  eight  for  the  third,  &c  to  which, 
the  merchant,  thmking  he  had  made  a  very  good  bargain,  readily 
agreed  :  Pray  what  did  the  last  horse  come  to,  and  what  did  the 
horses,  one  with  another,  cost  the  merchant  ? 

1.  2.  3.     4.     5.     6+  6=  12th.  12+    12+  6=last  term. 

2.  4.  8.   16.   32.  64X64=4096,  and  4096X4096X61= 
1073741824  qrs.=/'.  11 18481  Is.  4d.  and  their  average  price  was 
;^.  37282  14s.  Old.  apiece. 

Rule  IL 

When  the  indices  begin  nvith  a  cypher, 
1.  Write  down  a  few  of  the  leading  terms  of  the  series,  as   before, 
and  place  their  indices  aver  them. 

2.  Add 
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2.  Add  together  the  most  convenient  indices  to  make  an  index,  less 
by  1,  than  the  number  expressing  the  place  of  the  term  sotight. 

3.  Multiply  the  terms  of  the  geometrical  series  together,  belonging 
to  those  indices,  and  make  the  product  a  dividend. 

4.  Raise  the  first  term  to  a  power,  whose  index  is  one  less  than  the 
number  of  terms  multiplied,  and  make  the  result  a  divisor,  by  which 
divide  the  dividend,  and  the  quotient  will  be  that  term  beyond  the  first  y 
signified  by  the  sum  of  those  indices,  or  the  term  sought. 

3..  If  the  first  term  be  5,  and  the  ratio  3  ;  what  is  the  7th  term  ? 
0.    1.    2.      3.+  2+  1=         6=index  to  6th.term  beyond  the  1st.  orTth 
5.  1.5.45.  135.x45xl5=91125=dividend. 

The  number  of  terms,  multiplied,  is  3  (  viz.  135x45x15,)  and  3 — 
1=2  is  the  power  to  which  the  term  5  is  to  be  raised  ;  but  the  2d. 
power  of  5  is  5x5=25,  and  therefore  91125-7-25=3645  the  7th.  term 
required. 

Problem    II. 
Given  ihejirst  term^  the  ratio,  and  number  of  terms  j  to  find  the  sunt  of  the  series. 

RVLE. 

Raise  the  ratio  to  a  power,  whose  index  shall  be  equal  to  the  num- 
ber of  terms,  from  which  subtraft  1  ;  •  divide  the  remninder  by  the  ra- 
tio, less  1,  and  the  quotient,  multiplied  by  the  first  term,  will  give  the 
sum  of  the  series. 

Examples. 

1.  If  the  first  term  be  5,  the  ratio  3,  and  the  number  of  terms  7  ; 
what  is  the  sum  of  the  series  ? 

Ratio=3x3x3x3x3x3x3=21 87=7tli.  power  of  the  ratio. 
Subtract  1 

Divide  by  the  ratio  less  1=3 — 1=2)2186 

Quotient=1093 
Multiply  by  the  first  term  =       5 

Sum  of  the  series=5465 

3'— 1 

Or,   x5=5465Ans. 

3     1 

2.  A  shopkeeper  sold  13  yards  of  cloth,  on  the  following  terms, 
viz.  2d.  for  the  first  yard,  4d.  for  the  second,  8d.  for  the  third,  Sec.  I 
demand  the  price  of  the  cloth  ? 

X2=16382d.=;^.68  5s.  2d.  Ans. 

2—1 

3.  A  gentleman,  whose  daughter  was  married  on  a  new  year's  day, 
gave  her  a  guinea,  promising  to  triple  it  on  the  first  day  of  each  month 
in  the  year  ;  pray  what  did  her  portion  amount  to  ? 

X  1=265720  guineas,  Ans. 

3—1 

4-.  What 
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4.  What' debt  can  be  discharged  in  a  year,  by  paying  1  cent  the  first 
month,  lOc.  the  second,  and  so  on,  each  month  in  a  tenfold  propor- 
tion ? 

10''^  — 1^10— lXl=llllllllllllc.=D.llllllllll  lie.  Ans. 

5.  A  man  threshed  wheat  9  days  for  a  farmer,  and  agreed  to  re- 
ceive but  8  wheat  corns  for  the  first  day's  work,  64-  for  the  second, 
and  so  on,  in  an  eightfold  proportion  ;  I  demand  what  his  9  days'  la- 
bour amounted  to,  rating  the  wheat  at  5s.  per  bushel  ?* 

8^  —  1 

XS=153391688  corns.     Amount  =^^.78  Os.  B^d.  Ans. 

8—1 

6.  An  ignorant  fop  wanting  to  purchase  an  elegant  house,  a  face- 
tious gentleman  told  him  he  had  one  which  he  would  sell  him  on  these 
moderate  terms,  viz.  that  he  should  give  him  a  cent  for  the  first  door, 
2  cents  for  the  second,  4  cents  for  the  third,  and  so  on  doubling  at 
every  door,  which  were  36  in  all  :  It  is  a  bargain,  cried  the  simpleton, 
and  here  is  a  guinea  to  bind  it  :  Pray  what  did  the  house  cost  him  ? 

2^*^  —  1 

X  1  =  G87 1 94.76735c.  =  D.687191767  35c.     Ans. 

2—1 

7.  A  young  fellow,  well  skilled  in  numbers,  agreed  with  a  rich 
farmer  to  serve  him  10  years,  without  any  other  reward,  but  the  prod- 
uce of  one  wheat  corn  for  the  first  year,  and  that  produce  to  be  sowed 
from  year  to  year,  till  the  end  of  the  time,  allowing  the  increase  but 
in  a  tenfold  proportion  ;  what  is  the  sum  of  the  whole  produce,  and 
what  will  it  amount  to  at  D.l  25c.  per  bushel  ? 

10'°— 1 

XlO=11111111110corns.     Amount=D. 22605  61c.  3m.+ 

10—1 

8.  Suppose  one  farthing  had  been  put  out,  at  6  per  cent,  per  annum. 
Compound  Interest,f  at  the  commencement  of  the  Christian  era ; 
what  would  it  have  amounted  to  in  1 784.  years  ;  and  suppose  the  a- 
mount  to  be  in  standard  gold,  allowing  a  cubick  inch  to  be  worth  531. 
2s.  8d.  how  large  would  the  mass  have  been  ? 

215  0 — 1 

Ans. X  1  =i;i486716346568748209435714551509890767065361  11  Sf 

2—1 
=279808597221212S0415979571232933594210766  cubick  inches  of  gold, 
'ks  355  :  113  ::  360  X  (>9-5  :  7964    earth's  diameter.      360X69'5x7964X  1327-33 
=264482820122  cubick  miles  in  the  globe, 

=67273337308854741368832000  cubic  inches  in  the  globe.     Then, 
27980859722121230415979571232933594210766 

-f-67273337308854741 368832000=41 5930899840288-8,  which,  however  incred- 
ible it  may  appear  to  fome,  is  more  than  four  hundred  and  fifteen  miUions  of  mil- 
lions, nine  hundred  and  thirty  thoufand,  eight   hundred   and  ninety-nine  millions, 

eight 

*  Note,  7680  wheat  or  barley  corns  are  fuppofed  to  make  a  pint. 

•j-  Any  fum  at  6  per  cent,  per  annum,  compound  Interest,  will  double  in  eleven 
years  and  three  hundred  and  twenty  five  days,  or  11-889  years,  or  11-89  is  near 
enough,  then,  if  you  divide  1784  by  11-89,  it  will  give  the  number  of  terms  in 
this  caie  equal  to  150  ;  the  ratio  will  be  2,  and  the  first  term  1. 
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eight  hundred  and  forty  thoufand,  two  hundred  and  eighty-eight  times  larger  than 
the  globe  we  inhabit.* 

For  the  solution  of  the  four  following  questions,  see  last  part  of 
note  under  Problem  I. 

9.  A  frigate  pursues  a  ship  at  8  leagues  distance,  and  sails  twice  as 
fast  as  the  ship  ;  how  far  must  the  frigate  sail,  before  she  comes  up 
with  her  ?  

First,  8.  4.  2.  1.  i.  ^.  &c.  8x8=64^,  and  64H-8 — 4=16  leagues,  Ans. 

10.  Suppose  a  ball  to  be  put  in  motion  by  a  force  which  impels  it 
10  rods  the  first  minute,  8  the  second,  and  so  on,  decreasing  by  a  ra- 
tio of  1*25  each   minute  to   infinity  ;   what  space  would  it    move 

through?  10x10-7-10—8=50  rods,  Ans. 

11.  Required  the  value  of  '999,  to  infinity,  or  '9\  ? 

The  first  9  or  •9,=rxy,  the  second,  or  ■09=y§^  ;  therefore, 


•9X-9  -f-  •9—09  =  1,  Ans.' 
12.  Required  the  sum  of  ^,  ^,  |,  &c.  to  infinity  ?  Ans.  1. 

Problem   III. 

Thejirst  terniy  the  last  term  (or  the  extremes)  and  the  ratio  ghen,    to  Jind  the 

sum  of  the  series. 

Rule. 

Divide  the  difference  of  the  extremes  by  the  ratio  less  by   1  ;    add 

the  greater  extreme  to  the  quotient,  and  the  result  will  be  the   sum  of 

all  the  terms. 

Or,  Multiply  the  greatest  term  by  the  ratio,  from  the  produ(ft  sub- 
tradt  the  least  term  ;  then  divide  the  remainder  by  the  ratio,  less  by  1, 
and  the  quotient  will  be  the  sum  of  all  the  terms. 

Or,  When  all  the  terms  are  given,  then,  from  the  produifl  of  the  sec- 
ond and  last  tewns,  subtract  the  square  of  the^rj-/  term  ;  this  remainder 
being  divided  by  the  second  \.qxtc\  less  \hQ.Jirst^  will  give  the  sum  of  the 
series. 

Examples. 
1.  If  the  series  be  2.  6. 18.  54-.  162.  486.  1458.  4374.  what  is  its 
sum  total  \ 

First  Method 
From  the  greatest  term  =  4374 
Subtraa  the  least  =        2 

Divide  by  the  ratio,  less  1=3 — 1=2)4372  diff.  of  extremes. 


Quotient=  2186 
Add  the  greater  extreme=  4374 

6560  Or, 

*  To  find  the  folid  content  of  a  globe.  Sec  Art.  31th.  of  Mcnfuration  of  Solidi. 
Note,  that  -S'JSSOSis  two  thirds  of  -785398  the  areaof  acircle,  wliofo  di.mictcr  is  I. 

f  It  will  be  fecn,  when  we  come  to  circulating  decimals^  that  -9  is   the  mwiner  of 
ciprefling  -999,  &c.  to  infinity. 
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4374—2 

Or, +4374=6560  Ans. 

3—1 

Second  Method. 

Greatest  term=4374 
Multiply  by  the  ratio  =       3 


Produ(a  =  13122 
Subtradl  the  least  term  =  2 


Divide  by  the  ratio,  less  by  1=3— 1=2)13120 

— —  6560  Ans. 

4374x3—2 

Or, =6560 

3—1 

Third  Method. 

Greatest  term  =4374 
Multiply  by  the  second  term  =       6 

Produdl  =  26244 
Subtrad  the  square  of  the  first  term  =2x2=         4 

Divide  the  remainder  by  the  2d.  term  less  the  first=6 — 2=4)26240 

Ans.     6560 

4374x6—4 

Or, =6560. 

6—2 

2.  A  man  travelled  6  days,  the  first  day  he  went  4  miles,  and  each 
day  doubling  his  day's  travel,  his  last  day's  ride  was  128  miles  ;  how 
far  did  he  go  in  the  whole  ?  128 — 4 

+  128=252  miles,   Ans. 

2—1 

3.  A  gentleman,  dying,  left  5  sons,  to  whom  he  bequeathed  his  es- 
tate as  follows,  viz.  to  his  youngest  son  £.1000  ;  to  the  eldest  jf  .5062 
10s.  and  ordered  that  each  son  should  exceed  the  next  younger  by  the 
equal  ratio  of  1-| ;  what  did  the  several  legacies  amount  to  ? 

50G2-5— 1000 

+5062-5=/'.13187  10s.  Ans. 

1-5—1 

Problem    IV. 
Given  the  extremes  and  ratio f  tojind  the  number  of  terms. 
Rule. 
Divide  the  greatest  term  by  the  least  ;  find  what  power  of  the  ra- 
tio is  equal  to  the  quotient,  then,  add  one  to  the  index  of  that  power, 
and  the  sum  will  be  the  number  of  terms. 

Or, 
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Or,  Subtrad  the  logarithm*  of  the  least  term  from  that  of  the  great- 
est ;  divide  the  remainder  by  the  logarithm  of  the  ratio,  and  add  1  to 
the  quotient. 

Examples. 

1 .  If  the  least  term  be  2,  the  greatest  term  4374?,  and  the  ratio  3 ; 
what  is  the  number  of  terms  ? 

Divide  by  the  least  term=2)4374=greatest  term. 

3x3x3x3x3x3x3=quotient,  2187=7th.  power,  then  7+1=8  Ans. 

Or,  From  the  logarithm  of  the  greatest  term=3*64088 
Subtra<3:  the  logarithn;  of  the  least  term       =0-30103 

Divide  the  remainder  ^Y  ^^^l  ^,^^u2)7^sl{1+l=S,  Ans. 
logarithm  ot  the  ratio       J  3-33984 

1 

2.  A  gentleman  travelled  252  miles  ;  the  first  day  he  rode  4  miles  ; 
the  last  128,  and  each  day's  journey  was  double  to  the  preceding  one : 
How  many  days  was  he  in  performing  the  journey  ?     Ans.  6  days. 

Problem  V. 
Given  the  least  ternif  the  ratio  t  and  the  sum  of  the  series,  to  find  the  last  term* 
Rule.— Multiply  the  sum  of  the  series  by  the  ratio  less  1,  to  that 
produft  add  the  first  term,  and  the  result,  divided  by  the  ratio,  will 
give  the  last  term. 

Examples. 

1 .  If  the  first  term  be  2,  the  ratio  3,  and  the  sum  of  the  series 
6560  :  What  is  the  last  term  ? 

Sum  of  the  series=6560 
Multiply  by  the  ratio  less  1=       2 

Produ(5l=I3120 
Add  the  least  term=         2 

Divide  their  sum  6y  the  ratio=3)  13122 

—  4374  Ans. 

3—1x6560+2  . 

Or, =4374  Ans. 

3 

2.  A  gentleman  performed  a  journey  of  252  miles  ;  the  first  day- 
he  rode  4  miles,  and  each  day  after  the  first,  twice  so  far  as  the  daj 
before :  How  far  did  he  ride  the  last  day  ? 

2—1X252+4 

— ■ =128  miles,  Ans. 

2 

Problem 

*  Logarithm^  arc  artificial  numbers,  tlie  addition  of  which  anfwers  to  muUi[)li- 
OBtion  of  whole  number»,  aad  fubtra<iU«n,  to  ditilion. 
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Problem  VI. 
Chen  the  least  terrriy    the  ration  and  the  sum  of  the  series,  tojind  the  number 

of  terms. 
Rule. — To  the  produdl  of  the  sum  of  the  series,  and  the  ratio  mi- 
nus 1,  add  the  first  term  ;  which  sum,  divided  by  the  first  term,  will 
give  that  power  of  the  ratio  signified  by  the  number  of  terms. 

Or,  from  the  logarithm  of  the  sum  of  the  series  plus  the  first  term, 
multiplied  by  the  ratio  minus  unity,  take  the  logarithm  of  the  first 
term  ;  the  remainder,  divided  by  the  logarithm  of  the  ratio,  will  give 
the  number  of  terms. 

Example. 
If  the  first  term  be  2,  the  ratio  3,  and  the  sum  of  the  series  80 : 
What  is  the  number  of  terms  ? 

Sum=80 
Multiply  by  the  ratio  less  1=3 — 1=  2 

160 
Add  the  first  term=     2 

Divide  by  the  first  term=2)  162 

81  which,  found  in  the 
Table  of  Powers,  Is  the  fourth  power  of  the  ratio,  iherefore^the  num- 
ber of  terms  is  4.  By  Logarithms, 

Sum=80 
Add  the  first  term=  2 

82 
Multiply  by  the  ratio  less  1=3 — 1=  2 

Logarithm  of  164=2*21484 
Subtradl  the  logarithm  of  the  first  term=  -30103 

Divide  the  logarithm  of  the  ratio=*47712)l-91381(4  Ans. 

1  90848 
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Problem  VII. 

Given  the  extremes,  and  the  sum  of  the  series,  to  find  the  ratio. 
RwLE. — From   the  sum  of  the  series  subtradl  the  least  term  ;  di- 
vide the  remainder  by  the  sum  of  the  series  minus  the  greatest  term, 
and  the  quotient  will  be  the  ratio. 

Examples. 
1.  If  the  least  term  be  2,  the  greatest  term  4374,  and  the  sum  of 
the  series  6560  :  What  is  the  ratio  \ 

Sum  of  the  series=6560 
Subtra<a:  the  least  term=       2 

Dividetherem.bythesumofthel^g^gj^_43^^^2186)6558(3Ans. 
series,  mmus  greatest  term     J  6558 

2.  A. 
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2.  A  debt  of  D.252  was  paid  in  Geometrical  Progression,  the  first 
payment  was  D.4  and  the  last  D.128  :  In  what  ratio  did  the  pay- 
ments exceed  each  other  ? 

252—4 

Ans.  •  "    =2,  viz.  a  double  ratio. 

252—128 

Problem  VIII. 
Given  the  extremes  ^  and  the  sum  of  the  series,  tojindthe  number  of  terms. 

Rule. — 1.  From  the  logarithm  of  the  last  term  subtrad  the  loga- 
rithm of  the  Hrst,  and  make  the  remainder  a  dividend. 

2.  Subtract  chc  logarithm  of  the  sum  minus  the  last  term  from  the 
logarithm  of  the  sum  minus  the  first  term,  and  make  the  remainder  a 
divisor. 

3  Divide  the  dividend  by  the  divisor,  and  the  quotient  plus  1,  will 
be  equal  to  the  number  of  terms. 

Example. 
If  the  least  term  be  2,  the  greatest  term  4374,  and  the  sum  of  the 
series  65 GO  :  What  is  the  number  of  terms 

From  the  logarithm  of  the  gieatest  term=3*64088 
Take  the  logarithm  of  the  least  term=0-30103 

DivIdend=3-33985 


From  the  logarithm  of  the  sum  minus  the  first  term=3.8I677 
Take  the  logarithm  of  the  sum  minus  the  last  term=3*33965 


Divisor=  '47712 


Then,  •47712)3-33985(7+1=8  Ans. 
333984 


i 

L.4374— L.2 

Or, +1=8. 

L.6558  -L.2186 

Problem  IX. 
The  first  term^  the  number  of  terms,  and  the  last  term  given,  to  find  the  ratio. 
Rule  — Divide  the  greater  extreme  by  the  less,  and  extra<5l  such 
root  of  the  quotient,  whose  index  is  equal  to  the  number  of  terms, 
less  1.  Or,  iind  the  quotient  in  the  Table  of  Powers,  the  root  of 
which  is  the  answer. 

Examples. 
1.  Given  the  extremes  2  and  4374,  and  the  number  of  terms  8  : 
Whai  is  the  ratio  ? 

Divide  by  the  least  term=2)4374=greatest  term. 

I_  -/ 2 187=3 

4374  '-' 

Or, =3,  Ans. 

2  Probhk 

2...E 
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Problem  X. 
The  extremes  and  number  of  terms  giveny  to  Jind  the  sum  of  the  series. 

Rule. — 1.  Subtiadt  the  least  term  from  the  greatest,  and  make 
the  difference  a  dividend. 

2.  Divide  the  greatest  term  bv  the  least,  and  extra<S  such  root  of 
the  quotient,  whose  index  is  equal  to  the  number  of  terms  less  I  ; 
take  1  from  the  said  root,  and  make  the  remainder  a  divisor.  (Or 
find  the  quotient  in  the  table  of  powers,  which  will  shew  the  root, 
from  which  subtra<5l  1.) 

3.  Divide  the  dividend  by  the  divisor,  and  the  greatest  term,  ad-, 
ded  to  the  quotient,  will  give  the  sum  of  the  series. 

Example. 
Given  the  extremes  2  and  4374,  and  the  number  of  terms  8  :  What 
!§  the  sum  of  the  series  ? 

From  the  greatest  term=4-374 
Take  the  least=       2 

Make  this  remainder  a  dividend  4372 


Divide  the  greatest  term  by  the  least  2)4374 

And  extraa  the  7th  root  of  the  quotient,  V'  2187=3  :  Theiij 
3— 1=2)4372 

QuotIent=2186 
Add  the  greatest  term=4374 

6560  Ans. 
4374—2 

Or,  4374+ =6560 

1 

8—1 


4374 
2 


—I 


Problem  XI. 
Given   the  ratio,  the  number  of  terms,  and  the  greatest  term,  to  find  the  leoit 

term. 
Rule. — Divide   the  greatest  term  by  such  power  of  the  ratio* 
whose  index  is  equal  to  the  number  of  terms  less  1,  and  the  quotient 
will  be  the  least  term. 

Example. 
If  the  ratio  be  2,  the  number  of  terms  6,  and  the  greatest  term 
128  ;    What  is  the  least  ? 

Divide  the  last  term  by  2X2X2X2X2=5th  1  ^^^  ^  1 28f  4  Ans 
power  of  the  ratio  3  128 

128  

Or,  =4 

06.-1 

Problem 
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Problem  XII. 
Given  the  ratio,   the  number  of  terms,  and  the  greatest  term,  to  find  the  sum 

of  the  series. 
Rule. —  I.  Divide  the  greatest  term  by  such  power  of  the  ratio, 
whose  index  is  equal  to  the  number  of  terms  less  1  :  take  the  quotient 
from  the  last  term,  and  make  the  remainder  a  dividend. 

2.  Divide  the  dividend  by  the  ratio  less  1,  and  the  quotient,  ad- 
ded to  the  greatest  term,  will  give  the  sum  of  the  series. 

Example. 
If  the  ratio  be  4,  the  number  of  terms  6,  and  the  greatest  term 
3072  :  W.iat  is  tlie  sum  of  the  series  ? 

Divide  the  last  term  by  tlve  ith  i  =4x4x4x4x4=  1 02 4  )?0T2{  8 
powder  of  the  ratio  J  3072 

From  the  last  term=3672 
Take  the  quotient=       3 

Divide  by  the  ratio  less  1=4 — 1=3)3069 

Quotient=l023 
Add  the  greatest  term=3072 

Ans.=4095. 
3072 

3072— 

46—1 

Or,  3072+ — =4095. 

4—1 

Problem  XIII. 
Given  the  ratio,  the  number  of  terms,  and  the  sum  of  the  series,  ts  find  the 

least  term. 
Rule. — Divide  the  ratio,   less  1,  by  such  power,  less  1,  of  the  ra- 
tio, whose  index  is  equal  to  the  number  of  terms,  and  the  quotient, 
multiplied  by  the  sum  of  the  series,  will  give  the  least  term. 
Example. 
If  the  ratio  be  4,  the  number  of  terms  6,  and  the  sum  of  the  series 
4095  :    What  is  the  least  term  ? 

4X4X4X4X4X4=4096,  and  4096— 1=4095,  then,  the  ratio  less  1,  d\- 
3  3     4095      12285 

vided  by  4095,  is ,  and x = =3  Answer. 

4095  4095    1  4095 

4—1 

Or, X  4095=3. 

4^—1  ♦ 

Problem  XIV. 
Givfn  the  ratio,  the  number  of  terms,  and  the  sum  of  the  scries,  to  find  the 
greatest  term 
Rule — 1.  Subtrad  that  power  of  the  ratio,  wliich  is  equal  to  the 
number  of  terms  less  1,  from  that  power  of  it,  which  is  eqiial  to  the 
wliole  number  of  terms.  2.   Divide 
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2.  Divide  the  remainder  by  that  power  of  the  ratio  minus  unity 
which  is  equal  to  the  number  of  terms,  and  the  quotient,  multiplied 
by  the  sum  of  the  series,  will  give  the  greatest  term. 

Example. 
If  the  ratio  be  4,  the  number  of  terms  6,  and  the  sum  of  the  se- 
ries 4095  :   What  is  the  greatest  term  ? 
From       4x4x4x4x4x4=4^=4096 
Subtraa  4X4X4X4X4     =4^  =  1024 

~         3072 

Divide  by  4**— 1=4095)3072= which  multiplied  by  the 

3072     4095    12579840  4095 

sum,  is       -X = =3072  Ans. 

4095         I  4095 

46 46—1 

Or, ^X4095=3072 

46_i 

The  two  last  problems  may  be  solved  by  one  short  operation,  thus  : 
Divide  the  sum  by  the  ratio,  and  the  remainder  after  the  operation 
will  be  the  least  term  ;  then  take  the  quotient  from  the  sum  of  the  se- 
ries, and  the  remainder  will  be  the  greatest  term.  ' 
For  the  least  term                               For  the  greatest  term. 
4)4095(1023  quotient.                         From  the  sum=4095 
4                                               Subtrad  the  quotient=1023 

09  Ans.  =3072 

8 

15 
12 

3  Ans. 

Problem    XV. 
Given  the  ratiot  the  last  ternty  and  the  sum  of  the  series,  to ^^nd  the frst  term. 

Rule. 
From  the  sum  of  the  series  take  the  last  term,  and  multiply  the  re- 
mainder by  the  ratio  ;  then  take  this  product  from  the  sum  of  the  se- 
ries, and  the  remainder  will  be  the  first  term. 

Example. 
If  the  ratio  be  4,  the  Ust  term  3072,  and  the  sum  of  the  series  4095  ; 
^hsit  is  the  first  term  ?  From  the  sum=40i)5 

Take  the  last  term=3072 


Remainder=1023 

Multiply  by  the  ratio=       4 


Subtraa  4092  from  the  sum. 

And  the  remainder        3  is   the  Answer. 

Problem 
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Problem  XVI. 

Given  the  ratioy  the  last  terniy  and  the  sum  of  the  series,  tojind  the  nnmher  of  terms. 

Rule. 

1.  Multiply  the  diiFerencc  between  the  sum  and  the  last  term 
by  the  ratio,  and  note  the  produft. 

2.  Subtrad  this  produd  from  the  sum,  and  note  the  remainder. 

3.  From  the  logarithm  of  the  last  term  subtract:  the  logaritlim  of 
the  remainder. 

4.  Divide  this  last  remainder  by  the  logarithm  of  the  ratio,  and  the 
quotient,  plus  unity,  will  give  the  number  of  terms. 

Example. 

If  the  ratio  be  3,  the  last  term  54-,   and  the  sum  of  the  series  80*; 
what  is  the  number  of  terms  ? 

From  the  sum=80 
Take  the  last  term=54? 

Remainder=26 
Multiply  by  the  ratio=  3 

Produ(ft=78 

From  the  sum=80 

Take  the  produd=78 

Remainder=:2 
From  the  logarithm  of  5 1=1 '73239 
Take  the  logarithm  of  the  remainder=  ''50103  . 

Divide  by  the  logarithm  of  the  ratio=*477l2)l-43136( 3+1=4  Anfi. 

Problem  XVII.  and  XVIII. 

Given  the  number  of  terms ,  the  last  term,  and  the  sum  of  the  series,  to  find  the 
first  term  and  the  ratio. 

The  solution  of  these  two  Problems  being  very  tedious  by  the  The-' 
orems,  they  may  be  solved  by  a  very  short  operation  ;  thus,  Divide 
the  sum  of  the  series  by  the  difference  between  the  sum  and  the  last 
term  ;  the  quotient  will  give  the  ratio,  and  the  remainder,  after  the 
operation,  the  first  term. 

Example. 
If  the  number  of  terms  be  4,  the  last  term  54,  and  tlie  sum  of  the 
series  80  ;  required  tlie  first  term  and  the  ratio  ? 
From  the  sum=.S() 
Take  the  iast  term=54 

Divide  by  the  diirgrence=2L))S0(3  the  ratio. 

78 

The  first  term=  2 

Thr 
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The  following  Table  exhibits  a  summary  view   of  the   doSrine  of  Geometrical 

Progression. 


'       CASES  OF  GEOMETRICAL  PIIOGRKSSION. 

Case  1 

Given 

Required   ;                         Solution.                       j 

1. 

am 

/ 

«— 1 
ar 

s 

n 
r—l 

Xa 

r—l 

2. 

arl 

<p 

I— a 

1+ 

r—l 

n 

LJ—L.a 

+  1 

L.r 

3. 

ars 

I 

t 

■ — 1  X  J  X  ^1 

r 

n 

L.r— 

"l  X  J  +  a — L.a 

L,r                                   . 

4. 

als 

r 

s — a 

s^l 

\ 

n 

LJ-L.a 
L.S — a — I  .s — / 

5. 

ans 

r 

rs      n — i     s — a 
a                     a 

I 

n^\                   «— 1 

/Xj — /{     —aXs — ^1 

6. 

anl 

r 

/«— 1 

a 

s 

• 

1 

1+ 
1 

I— a 

1 
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Case 

Given   1  Required  |                        Solution.                       | 

7. 
8. 

ml 

a 

t 

r 

s 

»— 1 

/+       '..        . 

rns 

a 

n 

r  —1 

I 

n         «— 1 

n 
r—\ 

9. 

rls 

a 

s—r  X  s—l 

n 

LJ—Lj—rX  s—l 

L.r                '^ 

10. 

nh 

a 

\n — 1      ,      '—,    n — 1 

r 

n       3     n — 1          / 

r+ r            =^- 

|'«=first  or  least  term. 
/=la  St  or  greatest  term. 
TT        .  j=sum  of  all  the  terras. 
^^^  1  «=n  jmber  of  terms. 
1  r=r;itio. 
1^  L=logarithm. 

SIMPLE  INTEREST. 


INTEREST  is  a  Premium  allowed  by  the  Borrower  to  the  LentJ- 
er,  according  to  a  certain  Rate  per  cent,  agreed  on  ;  whicli  by  law  is 
stated  at  G  per  cent,  per  annum  Priruipal  is  the  money  lent.  Rate 
is  the  sum  per  cent,  agreed  on.  ylmoant  rs  the  Sam  of  Principal  and 
Interest. 


STrtmlr 
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Simple  Interest  is  that  which  is  allowed  on  the  Principal  only. 

Note. —  By  this  Rule,  Commission,  Brokerage,  Insurance,  pur- 
chasing Stocks,  or  any  thing  else,  rated  at  so  much  per  cent,  are  cal- 
«4ilated. 

General  Rule. 

1.  Multiply  the  Principal  by  the  Rate,  and  divide  by  100  (or  cut 
•fF  the  two  riglit  hand  figures  in  the  Pounds)  and  the  quotient,  or  left 
hand  figures,  will  be  the  answer  in  Pounds,  kc.  the  right  hand  fig- 
ures being  reduced  and  cut  off  as  at  first.  If  the  principal  be  dollars, 
the  right  hand  figures  will  be  cents. 

2.  For  more  years  than  one,  multiply  the  Interest  of  one  year  by 
the  number  of  years. 

3.  For  any  number  of  months  take  the  aliquot  parts  a  of  year  ;  and 
for  days,  the  aliquot  parts  of  30. 

^     multiply  I  Y  I  of  the  given  number  of  months, 
<  |>  the  prin-  ^ 
cipal   by 


Note.  When 
the  rate  per  cent. 
per  annum  is 


l^J 


Y  \  and  you  will  have  the  interest 
I  j  for  the  given  time. 


]. 

mum 


Examples. 
What  is  the  interest  of  5731.  13s. 


>C.573     13 


9t 
6 


9td.  at  6  per  cent,  per  an- 
Answer,  ;f.  34?  8s.  5d. 


20 


8-1.2 
12 

5-13 
4 


•52 
2.  What  is  the  interest  of  3291.   17s.  6|d.  for  3  years,   7  months, 
and   12  days,  at  5  per  cent,  per  annum.  Ans.  £,[')9  13s. 

^.329     17     6Ad.  Then, 


16-49 
20 


7     8i 


6  mons. 


1  mon. 
10  days 

2  days 


16     9  lOt  interest  of  1  year 
3 


49     9     7i  do.  of  3  years 
8     4  11^  do.  of        6  months 
1     7     5|  do.  of        1  month 
9     1|  do.  of  10  days 

1     9|  do.  of   ■  2  days 


Ans.  £.59  13  do.  of  3y.  7m.  12d. 


1*10 


Or 
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6  months 


1  month 
10  days 
^days 


Or  thus :     £.       s.     d. 


1 

329 

17  6i 

I 

16 

9  lot 
3 

49 

9  Ik 

1 

8 

4  lit 

1 
T 

1 

7  51 

T 

9     U 

1     9| 


;f  59   13  Ans. 
3.  What  Is  the  interest  of  347  dollars  50  cents,  at  6  per  cent,  per 


annum  for  a  year  ? 


D.  347-50 
6 


20-8500     Ans.  D.20  85c. 

4.  What  is  the  interest  of  D.797  13c.  at  6  per  cent,  per  annum, 
for  8  months?  D797-13 

4 

31-8852     Ans.  D.31  88c.  5/^m. 

5.  What  is  the  interest  of  D.649  17c.  at  6  per  cent,  per  annum? 
for  15  months  ?  D.649-17 

Ih 

454419 

324585 
48-68775    Ans.  D.48  68c,  l^m, 

6.  Required  the  amount  of  £.725  12s.  6d.  at  5  per  cent,  per  ann. 
for  a  year  ?  5=gV|725     12    6 

36       5     7i 


1^ 


Ans.  jC.761     18 
7.  What  is  the  amount  of  D.560  50c.  at  6  per  cent,  for  16montlis  ? 


D.560 


50 
8 


44-84 
560-50 
Ans.  D.605-34C. 

8.  What  is  the  interest  of  D.150  75c.  for  1  month,  at  6  per  cent. 
per  annum?  ^|  150-75 

-75375     Ans.  75cts.  3|  mills. 
So  that  any  number  of  dollars,  considered  as  so  many  cents,  is 
thcinterest  for  2  months,  at  6  per  cent. 

COMMISSION,  OR  FACTORjlGE, 

Is  an  allowance  of  so  much  per  cent,  to  a  Fa<5lor  or  Correspond- 
ent, for  bying  and  selling  goods. 

9.  Required  the  commission  on  /'.436  9s.  6d,  at  3^  per  cent. 

2,..F  £Am 
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£A36 

9 

6 
31- 

ia09 

8 

t> 

218 

4 

9 

\5'27 

13 

3 

20 

5-53 

12 

_.— i^ 

6-32 

4. 

1-56    Ans.  ;f.l5  5  6:*;. 

10.  JR.equired  the  commission  on  D.649   75c.  at  1-|  per  cent. 

1^1  649-75 
I  i  I  324-875 
162-4375 
1137-0625    Ans.  D.ll  37c.  0|m. 

BROKERAGE 
Is  an  allowance  of  so  much  per  cent,  to  a  person  called  a  Broker, 
for  assisting  merchants  in  purchasing  or  selling  goods. 

11.  Required  the  Brokerage  on  £.911   12s.  at  5s.  or  \  per  cent. 

5s.=i  I  911     12 

2-27     18 
20 

5-58     Ans.  21.  5s.  6|d. 
12 

6-96 
4 

3-84 

12.  Required  the  Brokerage  on  D.876  21c.  at  33^  cents,  •r  at  y 
per  cent.  i  |  876-21 

292  07     Ans.  D.2  92c.  O^'^m. 

BUYING  AND  SELLING  STOCKS. 
.Stock  is  a  general  name  for  the  capitals  of  trading  companies. 

13.  Required  the  amount  of  j^'. 375  15s.  bank  stock,  at  ;f. 75  per 
cent  ?  50 

25 

,  Ans.  jf. 281      r6~3  As  before,  £.281  16     3 

14i^  Required  the  amount  of  D.2195  50c.  bank  stock,   at  125 
percent.  I  25  |  f  |  2195-50 

Add     548-875 
Ans.  D.2744-375  TO 


375 

15 

Or  thus : 
1  25  1  t  1  375     15 

187 
93 

17  6 

18  9 

Subtract  93     18     9 
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TO  CALCULATE  INTEREST  FOR  DATS. 
Rule  1. — Multiply  the  principal  by  the  days,  and  that  produdl  by 
the  rate  on  the  pound,  and  divide  the  last  produft  by  365. 

15.  Required  the  interest  of  £.360  10s.  for  175  days,  at  6  per  cent. 

360-5x1 75X-06 

=  £.10-17=£.10  7s.  4|d. 

365 
Rule  for  mahing  a  Divisor  for  any  Rate. 
Multiply  365  by  100,  and  divide  by  the  rate.     Thus,  for  6  per 
365X100 

cent. =  6083  divisor. 

6 

365X100 

For  5  per  cent. =7300  divisor,  and  so  for  any  other  rate. 

5 

Therefore, 
Rule  2.  Multiply  the  principal  by  the  days  ;  divide  by  6083  for 
6  per  cent,  and  7300 for  5  per  cent,  (the  days  in  which  any  sum  will 
double  at  those  rates)  and  the  quotient  is  the  interest.  For  months, 
irultiply  the  principal  by  them,  and  divide  by  200  for  6  per  cent,  or 
240  for  5  per  cent,  (the  months  in  which  any  sum  will  double  at 
those  rates)  and  the  quotient  is  the  answer. 

Hence,  when  interest  is  to  be  calculated  on  cash  accounts,  or  ac- 
counts current,  where  partial  payments  are  made,  or  partial  debts 
contraded  ;  multiply  the  several  balances  into  the  days  they  are  at 
interest,  which  should  be  done  at  every  transadion,  and  the  sum  of 
these  produds  divided  by  6083  and  7v500  will  give  the  interest  at  6 
and  5  per  cent.  For  any  other  rate,  make  the  proper  addition  or 
dedudion,  or  find  a  divisor  as  before  direded. 

When  partial  payments  are  made  at  short  periods,  subtrad  the 
several  payments  from  the  original  sum  in  tlieir  order,  placing  their 
dates  in  the  margin. 

16.  Suppose  a  bill  of  D. 359  was  due  January  1,  1807;  that  D.75 
was  paid  February  3d.  D.50  March  5th,  D.80  April  9th,  and  June 
7th,  1^.14:5  :  What  interest  is  due  ? 

Dates.  I     Bill.     |  Days   |  Produds. 


January  1 
Feb.  3,  paid 

'  Balance, 
March  5,  paid 

Balance, 
April  9,  paid 

Balance, 
June  7,  paid 


V.'dBy) 

33 

ir> 

30 

275 

50 

225 

35 

80 

145 

59 

145 

11550 


8250 


7875 


^3 


6083)362:i()(5-955 
Ans.  D.5  95 ic.  at  6  per  cent. 
7300)3(12:50(4-963 
Aos.  D.4  9Gc.  3m.  at  5  per  cent. 
After 
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After  the  dates  are  placed  in  the  margin,  the  number'of  days  In 
each  of  those  periods  is  to  be  computed  and  marked  against  its  res- 
pedive  sum  :  lastly,  divide  the  sum  of  the  produ(5ls  by  6083,  &c. 

Interest  on  acconnts  current  is  calculated  nearly  in  the  same  man- 
ner. 

17-  Compute  the  interest  at  6  per  cent,  on  the  following  account, 
to  August  10th. 

Dr.  Mr.  A.  Jones,  his  account  current,  with  B,  Carr, 


1807- 
Jan.     1,  To  Cash,  - 
Feb.  10,  To  do.    -     - 
May  15,  To  do.      - 
July  25,  To  do.   -    - 


D. 

-  560 
.       SOO 

-  140 
100 


1807. 
March  10,  By  Cash, 
April    25,  By  do. 
June      16,  By  do.  - 
July     21,  By  do. 


Cr, 

D. 

120 
130 
450 
150 


1807. 

Ds. 

1  Days. 

t  Produas. 

1      Dr.      Cr. 

Jan.       i, 

Dr.     560  1 

40 

22400 

D.560     120 

Feb.     10, 

Dr. 

30« 

300     130 
140     450 

Dr. 

860 

28 

24080 

100     150 

March  10, 

Gf. 

120 

1100     850 

Dr. 

740 

46 

34040 

850 

April  25, 

Cr. 

130 

250  Balance. 

Dr. 

610 

20 

12200 

May    15, 

Dr. 

140 

4U\J 

January     30 
February  28 

Dr. 

750 

32 

24000 

March       31 

June    16, 

Cr. 

450 

April         30 
May           31 

Dr. 

300 

35 

10500 

June          SO 

July     21, 

Cr. 

150 

July           31 
August     10 

Dr. 

150 

4 

600 

July    25, 

Dr. 

100 

Days       221 

Aug.   10, 

Dr. 

250 

16 

4000 

6083)131820(21.672 



Ans.  D.21  6*/ 

c.  2n^ 

t. 

221 

131820 

Here  the  sums  on  either  side  are  introduced  according  to  the  or- 
der of  their  dates ;  those  on  the  Dr.  side  are  added  to  the  former  bal- 
ance, and  those  on  the  Cr.  side  subtrafted.  Before  we  calculate  the 
days,  we  try  if  the  last  sum  D.250  be  equal  to  the  balance  of  the  ac- 
count, which  proves  the  additions  and  subtraflions.  And  before 
multiplying  we  try  if  the  sum  of  the  column  of  days  be  equal  to  the 
number  of  days  from  January  1  to  August  10. 

'rjl7.  Req^iired  the  interest  on  the  following  account,  from  Decem- 
ber 3  J,  1800,  to  Dec.  31,  1807  ;  allowing  5  per  cent,  when  the  bal-. 
ance  is  due  to  A.  and  6  per  cent,  when  due  to  B.  ? 

Dr. 
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Dr. 

Mr. 

B. 

his  account  current  with  A. 

Cr. 

1806. 

D.         1807. 

D. 

Dec.     31, 

To  Balance, 

150     April    9,  By  Cash, 

70 

1807. 

i  May    12,  By  do. 

300 

March  12, 

To  Cash 

120 

June      3,  By  do. 

240 

June     17, 

To  do. 

165 

Aug,    2,  By  do. 

10 

Sept.     24, 

To  do. 

242 

oa.     9, 

To  do. 

178 

1806. 

CD. 

D. 

Ds. 

Dr.  Produces. 

Cr.  Produfls. 

Dec.      31, 
1807. 
March  12, 

Dr. 
Dr. 

150 
120 

71 

10650 

April      9, 

Dr. 
Cr. 

270 
70 

28 

7560 

May      12, 

Dr. 
Cr. 

200 
300 

33 

6600 

June        3, 

Cr. 
Cr. 

100 
240 

22 



2200 

IT, 

Cr. 
Dr. 

340 
165 

14 



4760 

Cr. 
Cr. 

175 
10 

46 

8050 

Aug.      2, 

Cr. 
Dr. 

185 
242 

53 

9805 

Sept.     24, 

oa.      9, 

Dr. 
Dr. 

57 
178 

15 

855 

Dec.     31, 

Dr. 

•  1  AT 

235 

83 
365 

19505 

083)24815(4-079 

45170 

24815 

18c.  7m. 
7     9 


Interest  due  A.  at  5  per  cent.     D.6 
Interest  due  B.  at  6  per  cent,  4 

Balance  due  A.  D.2  10c.  8m. 

In  this  account  the  balance  is  sometimes  to  one  party,  and  some- 
times to  the  other.     These  charges  are  distinguished  by  Dr,  and  Cr.» 

When  payments  are  made  on  bonds,  notes,  &c.  at  considerably  dis- 
tant periods,  it  is  usual  to  calculate  the  interest  to  the  date  of  each 
payment,  and  add  it  to  the  principal,  and  then  subiiaifl  the  payment 
from  the  amount. 

18.  A  note  was  given  for  D.540the  18th  August,  1801',  a;ui  there 
WJ^s  paid  the  19th  of  March,  180.7,   D,50,  and  the  19th  of  Decern^ 

bcr. 
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ber,  1805,  D.25  ;  and  the  23d  of  September,  1806,  ©.25  ;  and  the 
18th  of  \ugust,  1807,  D.I  10:  Required  the  interest,  and  balance 
due  on  the  1  Uh  of  November,  1 807  ? 

A  note  given  1 8th  August,  1 804,  for  D  540 

Interest  to  19ih  March,  1805,  218  days,  D.19-352  19-352 


559-352 
Paid  19th  March,   1  805,  50 

Balance  due  1 9th  March,   1805,  509  352 

Interest  to  I9th  Dec.  1805,  275  days,         23-022  23-022 

Balance  due  19th  Dec.  1805, 
Paid  19th  Dec.  1805, 

Balance  due  19th  Dec    1805, 
Interest  to  23d.  Sept.  1806,  278  days, 

Balance  due  23d.  Sept.  1806, 
Paid  23d.  Sept.  1806, 

Balance  due  23d.  Sept.  1806, 
Interest  to  18th  Aug.  1807,  329  days, 

Balance  due  18th  Aug.  1807, 
Interest  to  llth  Nov.  1807,  85  days. 

Balance  due  llth  Nov.  1807, 
Amount  of  interest,  D.  100-362 

19.  A.  owes  B.  the  following  sums,  wMth  interest  at  6  per  cent,  per 
annum:  D.60  for  7  months,  D.150  for  9  months,  D. 75*50  for  3 
months,  D. 365-25  for  8  months,  and  510*20  for  5  months:  Re> 
quired  the  amount  ? 

D.     60        X  7  =     420 

1350 

226-50 

2922 

2551 

1160-95         200)7469*50(37-347   Interest. 
1160-95     Principal. 


532-374 
25-00 

23-197 

507-374 
23-197 

530-571 
25-000 

27*343 

505-571 
27-343 

7-448 

532-914 
7-448 

ti4.{\'ilf\0 

.     60 

X  7 

150 

X  9 

75-50 

X  3 

365*25 

X  8 

510-20 

X  5 

Ans.  D.  1 198*297  Amount. 
20.  A  note  for  D.IOOO  Is  given  January  1,  1803,  with  interest  at 
6  per  cent  per  annum  ;  February  19,  1803,  D.lOO  are  paid  ;  June 
7,  1803,  D.150;  April  14,  1804,  D.37*50  ;  July  11,1804,  D.75  ; 
St?pt.  29,  1804,  D.250;  Dec.  17,  1805,  D39 ;  March  4,  1806, 
D.175;  Hug.  7,  1806,  D.105  ;  Oa.  30,  1806,  D.50  ;  May  12, 
1807,  D.40,  and  Nov.  17,  1807,  D.72  :  How  much  is  due,  Jan- 
wary  1,  1808? 

SIMPLE 
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SIMPLE  INTEREST  BY  DECIMALS. 
A  Table  of  Ratios,  from  one  pound,  ^c.  to  ten  pounds. 


1   Rat  eper  cent. 

ratios.  \ 

rate  per  cent. 

ratios.  \ 

rate  per  cent  \ 

ratios 

1 

•01 

4 

•04       1 

7 

•07 

n 

•0125 

4i 

•0425 

U 

•0725 

n 

•015 

4j 

•045 

7i 

•075 

i| 

•0175 

*i 

•0475 

7i 

•0775 

2 

•02 

5 

•05 

8 

•08 

2^ 

•0225 

5i 

•0525 

8i 

•0825 

2i 

•025 

5i 

•055 

8i 

•085 

2| 

•0275 

51 

•0575 

8| 

•0875 

3 

•03 

6 

•06 

9 

i  -09 

3i 

•0325 

64 

•0625 

9i 

•0925 

31^ 

•035 

6i 

•065 

9^ 

•095 

..           n      . 

•OS75 

65- 

•0675 

OJ 

1  -0975 

10 

1 

! 

Ratio  IS  the  Simple  Interest  of^^.l   or  D.  for  1  year,   at  the  rate 
per  cent,  agreed  on. 

A  Table  for  the  ready  finding  of  the  decimal  parts  of  a  year,  equal  to  any  num- 
ber o/'days,  or  quarters  c/^^z  year. 


Days. 


decimal  parts .  \  days.    \  decimal  parts. 


•00274 

•005479 

•008219 

•010959 

•013699 

•016438 

•019178 

•021918 

•024657 


10 
20 
30 
40 
50 
60 
70 
80 
90 


•027397 
•054794 
•082192 
•109589 
•136986 
•164383 
•191781 
•219178 
•246575 


days   I  decimal  parts.  | 


iOO 
200 
300 

m5 


•273973 

•547945 

•821918 

1^000000 


;^-  of  a  year  —  '25 
^  of  a  year  =  '5 
^  of  a  year  =  ^75 


CASE     I  * 
The  principal,  time,  and  ratio  given,  to  find  the  interest  and  amount. 
Rule.     Multiply  the  principal,  time  and  ratio  continually  togeth- 
er, and  the  last  produft  will  be  tJie  interest,  commission,  brokerage, 
&c.  to  which  add  the  principal,  and  the  sum  will  be  the  amount. 

Examples. 

1.  Required  the  amount  of  j^.537  10s.  at  ^^.6  per  cent,  per  annum, 
for  5  years  ? 

Principal 

*  The  following  Theorems  will  Hiow  nil  the  polFible  cafes   of  Simple   Intcres* 
"Where />=pnncipul,  /=time,  r^ratio,  and  «=.amount. 
a  a — J)  a — p 

fi  ptr.-\-p=M.  n. — =^.   III. — =/.   IV. — =.^ 

rr+l  //  rf> 
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Principal  537-5 
Multiply  by  the  ratio  =      -06 


Produa  32-250 
Multiply  by  the  time  =  5 


Interest  =161*250 
Add  the  principal  =537*5 

Amount  =^.698*75 
20 


15-00  Alls.  ;f. 698  15s* 


Or,  537*5X-06X5+537*.5=>C.698  15s. 

2.  What  is  the  simple  interest  of  ;/^.917  16s.  at  £.5  per  cent,  per 
annum,  for  7  years  ?  Ans.  ;f.321  4  7. 

3.  What  is  the  amount  of  ;f.391  17s.  at  £Ai  per  cent,  per  an- 
num, for  3j:  years  ?  Ans.  ;^'.449  3  1|. 

4.  What  is  the  amount  of  jf  .235  3s.  9d.  at  £,5j  per  cent,  per  an- 
num, from  March  5th.  1784,  to  November  23d.  1784  ? 

Ans.  ;f.244  0  8*. 

5.  If  my  correspondent  is  to  have  £.2\  per  cent  ;  what  will  his 
Gommission  on;^.785  1 5s.  amount  to  ?  Ans.  ;f  .19  12  10| 

6  What  will  be  the  interest  and  amount  of  ^f. 445  10s.  in  3  years 
and  129  days, at  £.S},  percent,  per  annum  ? 

Ans.  Interest,;^.  126  19  8A-,  and  the  amount=^.572  9  8^. 

7.  If  a  broker  disposes  of  a  cargo  for  me,  to  the  amount  of  £S31 
10s.  on  commission  at  /•  1^  percent,  and  procures  me  another  cargo 
of  the  value  of  ^.817  15s.  on  commission  at  /,M-|  per  cent.  ;  what 
will  his  commission,  on  both  cargoes,  amount  to  ?       Ans.  £.22  5  7. 

CASE     IL 
The  amount^  timet  and  ratio  given,  tojind  the  principal. 
Rule.     Multiply  the  ratio  by  the  time  ;  add  unity  to  the  product 
for  a  divisor,  by  which  sum  divide  the  amount,  and  the  quotient  will 
be  the  principal. 

Examples. 
1.  What  principal  will  amount  to  ^f  .1045  14s.  m  7  years,   at ^.6 
per  cent,  per  annum  ? 

Ratio=*06 
Multiply  by  the  time=    7 

Produa=*42 
Add  1- 


DIvisor=l*42)1045*7{736-4084  +  =  £.736  8  2, 
i045*7 

Or, =;£".736  8  2  Ans, 

•06x7+1  2:  W]hat 
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2.  What  principal  will  amount  to  j^. 38 10,  in  6  years,  at  £A^  per 
cent,  per  annum  ?  Ans.  £.3000. 

3.  What  principal  will  amount  to   £.666  9s.    0^  in  3^  year.,    at 
£.5-^  per  cent,  per  annum  ?  '  Ans.  /,.563. 

4-.  WT.at  principal  will  amount  to  £.SS5  7s.  2d.  in    3   years  and 
97  days,  at^'-Q^  per  cent,  per  annum  ?  Ans.  £.255  19  0^. 

CASE  in. 

The  amount,  principal,  and  time  given,  tojlnd  the  ratio. 
Rule.  Sabtradt  the  principal  from  the   amount  ;    divide  the  re- 
mainder by  the  produdt  of  the  time  and  principal,   and   the  quotient 
will  be  the  ratio. 

Examples. 
1.  At  what  rate  per  cent,  will  /,  .54-3  amount  to  £.705   18s.  in  5 
years  ?  From  the  amount=705'9 

Take  the  principal=543 


Divide  by  543X5=2715)  162-90(-06 
162  90 
705-9--543 

Or, =:-06=:£.6  Ans. 

543x5 

2.  At  what  rate  per  cent,  will  ;^.391  17s.  amount  to  jf  .449  3s. 
l|d.  •74qr.  in  3^  years  ?  Ans.  £.'i'^. 

3.  At  what  rate  percent,  will  £.413  12s.  6d.  amount  to  ;^'.546  4s. 
lO^d.  in  4^  years  ?  Ans.  £.6^. 

4.  At  what  rate  per  cent,  will  ^.3000  amount  to  ;f  .3810  in  6  years  ? 

Ans.  £.V,. 

CASE     IV. 
The  amount,  principal,  and  rate  per  cent,  given,  to  find  the  time. 

Rule.  Subtract  the  principal  from  the  amount  ;  divide  the  re- 
mainder by  the  product  of  the  ratio  and  principal  ;  and  the  quotient 
will  be  the  time. 

Examples. 

1.  In  what  time  will  ;f. 543  amount  to  £.105  18s.  at  £.6  per 
cent,  per  annum  ? 

From  the  amount=705*9 
Take  the  principal=543 

Divide  by  543x-06=32-58)  162-9(5  years,  Ans. 
162  9 

2.  In  what  time  will  £.3000  amount  to  £.3810 ,  at  4^  per  cent,  per 
annum?  Ans.  6  years. 

3.  In  what  time  will  ;^.391  17s.  amount  tO;f.449  3s.  l^d.  at^.4^ 
per  cent,  per  annum  ?  Ans.  3^  years. 

To  find  the  Interest  of  any  Sum,  at  6  per  cent,  per  annum,  for  any  number  of 

months. 

Rule.  If  the  months  be  an  even  number,  multiply  the  pricipal  by 

half  thni'^fT^yber  ;    and  if  the   months   be  uneven,  halve   the  even 

months,  to  which  annex  y'^^  ;  thus  the  half  of  19  is  9'5  ;  and  multiple' 

2...G  the  ' 
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the  principal  as  before,  cutting  ofF  two  figures  more  at  the  right  hand, 
than  there  are  decimals  in  both  fadors,  which  reduce  to  farthings, 
each  time  cutting  off  as  at  first. 

4-.  What  is  the  interest  of  £.Si'5    16s.  6d.   for   9  years   and.  11 
montlis,  at  6  per  cent,  per  annum  ?  Y.  m. 

9  11 
12 


345-825      2)119  months, 

59-5  

■        —  59'5=x  No.  of  months. 

1729125 
3112425 
1729125 


£.205'765S15=£.205  15  3|  Ans. 
Principal=2'.345  16  6 

Amount=r.551   11  9| 

yi  Table  of  decimal  parts  for  every  day  in  the  tnvelfth  part  of  a  year^  'which 
consists  of  365;^  days. 


1  '^^ 

dec.  fits. 

days  1 

dec.   pts.  1    days 

dec.  pts.  1    days 

d:c.  pts. 

days 

dec.   pts.  1 

1 

•033 

7 

•23o 

13 

•427 

19 

•624 

25 

•821 

2 

•066 

8 

•263 

14 

•460 

20 

•657 

26 

•854 

3 

•098 

9 

•296 

15 

•493 

21 

•690 

27 

•887 

4 

•131 

10 

•328 

16 

•526 

22 

•723 

28 

•920 

5 

•164 

11 

•361 

17 

•558 

23 

•756 

29 

•953 

6 

•197 

12 

•394 

18 

•591 

24 

•788 

30 

•986 

To  find  the  Interest  of  any  Sum,  either  for  Months,  or  Months  and  Days,  at 
6  per  cent,  per  aifnum. 
Rule. 
Multiply  the  principal  by  the  number  of  months,  (or  months   and 
parts,  answering  to  the  given  number  of  days  in  the   table)    and   cut 
off  one  figure  at  the  right  hand  of  the  produil  more  than  is  required 
by  the  rule  in  decimals,  and  the  product  will  be  the  interest   for  the 
given  time,  in  shillings  and  decimal  parts  of  a  shilling. 

Examples. 
1.-  What  is  the  interest  of  lOOl.         2.  What  is  the  interest  of  250l. 
for  a  year  ?  10s.  for  19  months  and  7  days  ? 

Principal=:100  Pnncipal=,C. 250^5 

Mult,  by  the  months=12  Time=     19-23 


Ans.  s.l20!0=^.6 

Note.  This  Table  may  ako  be 
used  for  the  parts  of  a  year,  in 
Compound  Interest,  after  having 
worked  for  whole  years. 


7515 
5010 
22545 
2505 

Ans.  9.4'8fl^T115 
.  =^".24   I    8i 

Another 
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Another  Method  ofcalulatlng  Interest /or  Months^  at  Gl.per  cent,  per  annum. 

Rule. 
If  the  principal  consist  of  pounds  only,  cut  off  the  unit  figure,  and, 
as  it  then  stands,  it  will  be  the  interest  for  one  month  in  shillings  and 
decimal  parts  : — If  it  consist  of  pounds,  shillings,  &c.  reduce  the  shil- 
lings, &c.  to  decimals,  which,  with  the  unit  figure  of  the  pounds,  wiH 
be  decimal  parts  of  a  shiUing. 

Examples. 
1.  What  is  the  interest  of  1751.         2.  What  is  the  interest  of  2551. 
for  5  months  ?  1 6s.  for  7  months  ? 

^.175=17-5  shill.=interest   for  Shill. 

1  month.  17-5         ;^.255     16=25-58  int.  for    1  mo. 

Multiply  by  the  time=      5  7 


210)87-5  2;o)  179-06 


•  Ans.=£.4  7  6  ;£"•«  19  Oi  Ans. 

SIMPLE  INTEREST  IN  FEDERAL  MONET, 
Problem  I. 

When  the  principal  is  given  in  Massachusetts  pounds y  shillings ,  tffc.  and  the  in- 
terest is  required  in  federal  money  ^  at  6  per  cent,  per  annum. 
Rule. 
Reduce  the  shillings,  &c.  to  their  equivalent  decimal,  by  inspedion, 
divide  the  whole  by  5,  and  the  quotient  is  the    annual   interest  :  Or, 
multiply  the  principal  by  2,  and  the  product  (having  the  unit  figure 
of  the  pounds  cut  off)  will  be  the  interest  as  before. 

Examples. 

1.  Required  the  annual  interest  of  5171.  3s.  7id.  at  6  per  cent.  ? 

3s.  =  -15  5)517-181 

7td.  =  -()30  D.    c.   m. 

Excess   of    12  =-001  103-436=103  43  6  Ans. 

Or,  517-181 

•181  2 

D.    c.    m. 

103-4362=103  43  6^^. 

2.  Required  tlie  annual  interest  of  11.  in  cents  I 

5)1-00 

20  cents,  Ans. 

Problem  II. 

When  the  principalis  given  in  Massachusetts  old  currency ^  and  the  interest  and 
amount  arc  required  in  federal  money  at  6  per  cent. 

Rule. — Reduce  the  Massachusetts  money  to  federal,  then  divide 
the  principal  by  20  and  that  quotient  hm  5  ;  add  those  quotients  to- 
gether, and  they  are  the  interest  ;  or  aWthem  to  ihc  principal,  and 
their  sum  is  the  amount. 

Examples. 
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Examples. 

1.  Required  the  amount  of  4<25l.  16s.  8^d.  for  1  year,  at  6  per  cent.  ? 

•8  3)42.'3'835 

•0345  20)14<19-450 

•001  5)70-9725 

14.1945 

•835  D.     c.   m. 

1504-6170=  1504-61  7.  Ans. 

2.  Required  the  amount  of  1121.  4s.  6d.  for  one  year  ? 

•2  3)112-225 

•024  20)374-083 

•001  5)18-7041 

3-7408 

•225  D.    c.  m.  dec. 

396-52  79  =  396-52  7  9,  Ans. 
Problem  III. 
When  the  principal  is  Massachusetts  old  currency,  and  the  monthly  interest  is 
required  in  federal  money. 
Rule. — Reduce  the  shillings,  &c.  to  decimals,  by  inspeftion,  then 
separate  the  right  hand  figure  of  the  pounds  with  the  decimals,  di- 
vide by  6,  and  the  quotient  is  the  answer  in  dollars,  cents,  &c. 

Example. 
Required  the  monthly  interest  of  4251.  i6s.  8Jd.  in  federal  mo- 
ney ?  •& 

•034  6)42-5835 

•001  D.  c.  m. 

7-09725  =  7-09  7^  Ans. 

;f.-835 

Problem  IV. 

When  the  principal  is  federal  money,  and  the  interest  is  required  in  the  same. 
Rule. — Work  according  to  the  ge^ral  rule  in  simple  interest,  that 
is,  multiply  by  the  rate  of  interest,  separate  the  two  right  hand  fig- 
ures of  the  dollars  in  the  produ<ft,  and  it  will  give  the  interest  in  dol- 
lars, cents,  &c. 

N.  B.  The  figures,  which  are  more  than  three  places  to  the  right 
hand  of  the  point,  are  of  no  account,  unless  the  fourth  place  exceed 
5,  in  which  case  increase  the  mills  1. 

Examples. 

1.  What  is  the  annual  interest  of  D.537  24c.  6m.  at  6  per  cent.  ? 

D.    c.  m. 
537-24  6 
6 

D.  c.  m. 

32-23476=32-23  5  Ans. 

2.  What  is  the  interest  of  D.1465  46c.  6m.  for  16  months,  at  6  per 
cent,  per  annum  ?        D.    c,  jn. 

1465-4#6 

,8=half  the  number  of  months. 

— D.  c.  m. 

117-23728=n7-23  7  Ans.  3.  What 
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3.  What  is  the  interest  of  D.537  34c.  7m.  for  19  months,  at  6  per 
cent,  per  annum  ?        D.  c.  m. 
537-34  7 

9*5=half  the  number  of  months. 


268G735 
483G123 

D.  c.  m. 

5L047965=51.04  8  Ans. 

N.  B.  Because  there  are  4  decimals  in  the  multiplicand  and  mul- 
tiplier, I  cut  off  4  figures  for  them,  and  two  more  according  to  the 
rule. 

Problem  V. 

When  the  principal  is  federal  moneys  and  the  monthly  interest  is  required  in  the 
same^  at  6 per  cent,  per  annum. 

Rule. — Separate  the  two  right  hand  figures  of  the  dollars,  and 
you  then  have  the  interest  for  two  months  ;  half  of  which  is  the 
monthly  interest  in  dollars,  cents,  &c.  If  there  be  but  one  place,  or 
figure  of  dollars,  a  cypher  must  be  prefixed  to  the  left  hand. 

Examples. 

1.  What  is  the  monthly  interest  of  D.9  59c.  7m.  at  6  per  cent  per 
annum  ?  2)  09597     cm. 

•047985=4  8  nearly,  Ans. 

2.  What  is  the  monthly  interest  of  D.lOO  50c.  5m.  I 

2)1-00505    c.    m. 

•50252=50  2-i,  Ans. 

Rules  for  calculating  interest  for  days. 

Rule  I. 

Multiply  the  given  principal  by  the  given  number  of  days,  and 
that  produd  by  the  rate  on  the  pound  :  divide  the  last  produd  by 
365  (the  number  of  days  in  a  year)  and  it  will  give  the  interest. 

Example. 

What  is  the  interest  of  3601.  10s.  for  175  days,  at  6  per  cent.  ? 
360-5x1 75X-06 

=^.10-37=i*.10  7s.  4|d.  Ans. 

3G5 

Rule  IL 

Multiply  the  given  principal  by  the  given  number  of  days,  and  di- 
vide the  produdl  by  6083,  for  61.  per  cent, ;  (the  rinmber  of  days  in 
which  any  sum  will  double,  at  that  rate)  the  quotient  will  give  the 
answer. 

Example. 
What  is  tlic  Interest  of  3271.  10s.  at  6  per  cent,  per  annum,  for  210 
days  ?  3'27-5x2I0 

-    =^.ll-306=i;'.Il  6  l^d.  Ans. 

6084  Rule 
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Rule  for  making  a  divisor  for  any  rate  per  cent. 
Multiply  365  by  100,  and  divide  the  produ<ft  by  the  rate. 

365x100 

Thus,  for  6  per  cent. =6083  divisor. 

6 
365x100 
For  5  per  cent. =7300  divisor,  &c. 

Perhaps  the  most  convenient  way  to  calculate  at  6  per  cent,  is  first, 
to  do  it  for  5,  and  then  add  one  fifth  of  the  quotient  to  itself ;  because, 
by  cutting  off  the  two  cyphers  in  the  divisor,  you  have  to  divide  only 
by  73. 

Hence,  when  interest  is  to  be  calculated  on  cash  accounts,  accounts 
current,  or  any  other  accounts,  where  partial  payments  are  made,  or 
partial  debts  contra<5led  ;  multiply  the  several  balances  into  the  days 
they  are  at  interest,  and  the  sum  of  these  produds,  divided  as  above, 
will  give  the  interest  at  51.  or  61.  per  cent,  and  for  any  other  rate, 
make  .the  proper  addition  or  deduction  ;  or  find  a  divisor  as  before 
dire»5ted.  Examples. 

1.  On  the  1st  of  January  I  lent  4501.  10s.  6d.  which  I  received 
back  in  the  following  partial  payments,  viz.  on  the  14th  of  January 
571.  lis.  9d.  ;  on  the  7th  of  February,  391.  3s.  lOd.  ;  on  the  19th  of 
March,  631.  5s.  2d.  ;  on  the  4th  of  April,  451. ;  on  the  26th  of  April, 
191.  12s.  6d.  ;  en  the  12th  of  May,  lOOl.  ;  on  the  lOth  of  June,  601. 
7s.  Sd. ;  and  on  the  1st  of  August,  651.  10s.  :  What  interest  is  due 
at  6  per  cent.  ? 


Dates 
January 

1 
34 

Lent  on  demand 
Received  in  part 

450 

57 

s. 
10 
11 

d. 

6 

9 

Ds 

13 

.  Produfts. 
5856  16     6 

Februaiy  7 

Received  in  part 

Balance 

392 

39 

18 
3 



9 

10 

24 

9430  10     0 

March 

19 

Received  in  part 

Balance 

353 
63 

14 
5 

U 

2 

40 

14149  16     8 

April 

4 

Received  in  part 

Balance 

290 
45 

.9 
0 

9 
0 

16 

4647  16     0 

April 

26 

Received  in  part 

Balance 

245 
19 

9 
12 

9 
6 

22 

5400  14     6 

May 

12 

Received  in  part 

Balance 

225 
100 

17 

0 

3 
0 

16 

3613  16     0 

June 

10 

Received  in  part 

Balance 

125 
450 

17 

1 

3 

29 

3650     0     3 

] 

Balance 
Received  in  full  of  the  principal 

65 

10 
10 

0 
0 

52 

3406     0     0 

August 

50155     9  11 
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(5) 
73100)501 155  9  11(6     17     4|  interest  at  5  per  cent. 
438  1        7     5|   . 


6355  £.^       4   10  J  interest  at  6  per  cent. 

20 

- ■  % 


)127I| 
73 


541 
511 

3009 
12 

)36lH9 
292 


6919 
4 

)276|76 
219 

5776 


March  following  he  demands  a  settlement 
interest  at  6  per  cent.  ? 
Dates. 


2.  I  have  given  Peter  Trusty  a  cash 
credit  for  1  OOOl  in  consequence  of  which, 
on  the  1 2th  of  May,  I  paid  hi.,  bill  for 
2501.  ;  May  27th,   paid  his  draught   for 
280l.  ;  June  1st,  he  gave  me  a  bill  on  the 
Massachusetts   bank  at  sight  for  290l. 
July  17th,  he  paid    me  per  receipt  70l. 
August  20th,  he  drew  for  7501.  at  sight 
August  3 1 ,  he  paid  me  per  receipt,  500l. 
Sept.  15th,  he  drew  at  sight  for  1351. 
and  3d  of  O^ober,  for  1751.  ;  Oa.  29th 
he  paid  me  per  receipt,  250l.  ;   and  No 
vember  3d,  125i. ;  Nov.  12th,  he  drfw  at 
sight  for  3751.  ;  and  Nov.  18th,  for  1251.  ; 
January  1st,  he  paid  me  per  receipt  290l. ; 
and  January  20th,  210l.     On   the  1st  of 
Wliat  is  then  due  to  me. 


May 

12 

May 

27 

June 

1 

July 

17 

August 

20 

August 

31 

September  15 

Oaobcr 

3 

Paid  his  bill      -     - 
Paid  his  draught    - 


Balance 
Received  in  part    -     -     - 

Balance 
Received  in  part    -     -     - 

Paid  -     -     . 


Balance 


Balance 
Received  in  part    -     -     - 


Paid 


Paid 


Balance 


Balance 


Can  led  over.]      Balance 


£■ 

250 
280 

Ds. 

15 

530 
290 

5 

240 
70 

46 

170 
750 

34 

920 
500 

11 

420 

135 

15 

555 
175 

18 

730 

26 

Produas. 
3750 


2650 


11040 


5780 


0120 


6300 


9990 


18980 
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Dates. 


Oaober 

29 

November 

3 

November  12 

November 

18 

January 

1 

January 

20 

March 

1 

Brought  over]      Balance 
Received  in  p^rt    -     -     - 

Balance 
Received  in  part    -     -     - 


Paid 
Paid 


Received  in  part 


Received  in  part 


Balance 
Balance 
Balance 
Balance 
Balance 


£.    Ds.     Produvfls. 
8980 


2400 


319^ 


(5) 


730 

26 

250 

480 

S 

125 

355 

9 

375 

730 

6 

125 

855 

44 

290 

565 

19. 

210 

355 

40 

4380 


37620 


10735 


14200 


141140 


Then,  73|00)  141140(19     6     8  interest  at  5  per  cent. 
3   17     4 


^.23     4     0  interest  at  6  per  cent. 
355     0     0 


£.31S     4     0  balance  in  my  favour. 

When  cash  credits  are  given,  a  balance  should  be  made  upon  ev- 
ery transa6tion,  which  should  be  multiplied  into  the  days  the  first  leis- 
ure minute  ;  then,  when  the  time  of  settlement  comes,  you  will  only 
have  to  add  up  the  produds,  and  divide  as  above,  and  the  account 
will  be  finished. 

3.  A  owes  B  the  following  sums,  with  the  interest  on  them,  at  6 
per  cent,  per  annum,  as  follows  ;  viz.  D. 60  for  7  months,  D.  150  for 
15  months,  D.75  50c.  for  9  months,  D.145  75c.  for  27  months,  and 
D.397  60c.  for  45^  months  :  What  is  tMk  amount  of  principal  and 
interest  ? 

D.  c.    Months. 
60       X    7    =     420 
150       X 15    =  2250 
75-5    X    9    =     679-5 
145-75x27    =  3935-25 
897-60x45-5=18090-8 

D. 

828-85       200)25375-55(126-877  interest. 
828-85     principal. 


D.955-727  amount,   Answer. 

Notf, 


DISCOUNT.  ms 

Note.  I  divide  by  200,  the  number  of  months,  in  which  any  sum 
will  double  at  6  per  cent,  per  annum^  and  it  gives  the  interest. 

When  partial  payments  are  made  upon  bonds,  notes,  &c.  at  any 
interval  greater  than  a  year,  the  interest  is  calculated  in  a  progressive 
manner,  by  adding  the  interest  to  tlie  principal  at  the  time  of  the  firSt 
payment,  and  from  the  sum  deducing  the  payment,  &c. 


DISCOUNT 

IS  an  allowance  made  for  the  payment  of  any  sum  of  money,  be- 
fore it  becomes  due,  and  is  the  difference  between  that  sum,  due 
some  time  hence,  and  its  present  worth. 

The  present  nuorth  of  any  sum  or  debt,  due  some  time  hence,  is  such 
a  sum,  as  if  put  to  interest,  would  in  that  time  and  at  the  rate  per 
cent,  for  which  the  discount  is  to  be  made,  amount  to  the  sum  or 
debt  then  due. 

Rule  I.* 

As  the  amount  of  lOOl.  for  the  given  rate  and^ime  is  to  lOOL  j 
$0  is  the  given  sum  or  debt  to  the  present  worth. 

Subtrad  the  present  worth  from  the  given  sum,  and  the  remain*- 
der  will  be  the  discount  required. 

Or, 

*  That  an  allowance  ought  to  be  made  for  paying  money  before  It  becomes 
due,  which  is  fuppofed  to  bear  no  interell  till  after  it  is  due,  is  very  reafonable ; 
for  if  I  keep  the  money  in  my  own  hands  till  the  debt  fliall  become  due,  it  is  plain 
I  may  make  an  advantage  of  it  by  putting  it  out  to  intcreft  for  that  time;  but  if 
I  pay  it  before  it  is  due,  I  give  that  benefit  to  another ;  therefore  we  have  only 
to  inquire  what  difcount  ought  to  be  allowed.  And  here,  many^ppofe  that,  fince 
by  not  p;iying  till  it  becomes  due  they  may  employ  it  at  interest ;  therefore,  by 
paying  it  before  due,  they  fhall  lofe  that  interell:,  and  for  that  reafon  aU  fuch  in-. 
tereft  ought  to  be  difcounted ;  but  the  fuppofition  is  falfe,  for  they  cannot  be  faid 
to  lofe  that  intereft  till  the  tiro*  arrives,  when  the  debt  becomes  due  ;  whereas  we 
are  to  confider  what  would  probably  be  lofl,  at  prcfent,  by  paying  the  debt  be- 
fore it  becomes  due  ;  this  can,  in  point  of  equity,  be  no  other  than  fuch  a  fura, 
which  being  put  out  at  intereft  till  the  debt  fliali  become  due,  would  amount  to 
the  intereft  of  the  debt  for  the  fame  time.  It  is  befidcs  plain,  that  the  advanta<ye 
arifmg  from  difcharging  a  debt  due  lome  time  hence,  by  a  prefent  payment,  accor- 
ding to  the  principles  above  mentioned,  is  exadlly  the  fame  as  employing  the  whole 
fum  at  intereft  till  the  time  when  the  debt  becomes  due,  arrives  :  for,  if  the  difcount 
allowed  for  prcfent  payment  be  put  out  at  iniereft  for  that  time,  its  timount  will  be 
the  fame  as  the  intereft  of  the  whole  debt  for  the  fame  time  ;  thus  the  difcount  of 
10()l.  due  one  year  hence,  reckoning  intereft  at  6l.  per  cent,  will  be  61.  and  61.  put 
out  to  intereft  at  6l.  per  cent,  for  one  year,  will  amount  to  t>I.  7s.  ti^d.  which  is 
exa^flly  equal  to  the  intereft  of  lObl.  for  one  year  at  CA.  per  cent. 

The  truth  of  the  rule  for  working  is  evident  from  the  nature  of  Simple  Inter- 
eft ;  for  fince  the  debt  may  be  confidered  a«  the  amount  of  fome  principal  (called 
here  the  prcfent  worth)  at  a  certJiin  rate  per  cent,  and  for  the  given  time,  that 
amount  miift  be  in  the  fame  proportion  cither  to  its  principal  or  intereft,  as  thf 
amount  of  any  other  fum,  at  the  fame  n:te,  and  for  the  fame  timo,  to  its  prjnn^ 
pal  or  intereft. 

2...H 
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Or, 
As  the  amount  of  lOOl.  for  the  given  rate  and  time,  is  to  the  inter- 
est of  lOOl.   for  that  time  ;  so  is  the  given  sum  or  debt  to  the  dis- 
count required. 

,  Or, 
In  federal  money,  divide  the  given  sum  by  the  amount  of  D.  100  for 
the  given  time  and  rate  ;  point  off  from  the  right  of  the  quotient  two 
place*  less  than  in  division  of  decimals  for  the  present  worth 

• 
Examples. 

1.  WhatisthediscountofH-  f?^  I7s.  1  due  2  years  hence,  at  5^ 
tD.2119  50c.3    per  cent,  per  annum  ? 
Interestof  1001.  per  annum=5  10 

2  years. 


11 
Add  100 

£' 

As;£'.lll  :  11 

£.     s.      £.  s.  d. 
::  635  17  :  63  0  2  disc.  Ans. 

As  111 

£' 

:   100 

Or 

jr.    s. 

::  635  17  : 

V.     s.    d. 

572  16  9:^  present  worth. 

£' 
And  635 

s.       £.    s.    d.    ^.sd. 
17—572  16  9^=63  0  %  discount. 

D. 

AsUl 

AslU 

D. 
:     11 

:   100 

In  federal  money. 

D.      c.       D.     c.  m. 
::  2119  50  :  210  04-  Ol=discount.     Or, 

2119-5x100 
::  2119  50  : -=D.1909  45c.  94; 

12^  1^1 

=  present  worm  ;  and  2ll9-5-1909-4595=210'0405=discount  as  be- 
fore. 

2119-5 

Or, =19-094595  ;  and  1909-4595=present  worth,  as  before. 

Ill 

2.  What  is  the  present  worth  of  D.350  payable  in  half  a  year,  dis- 
counting at  6  per  cent,  per  annum  ?  Ans.  D.330  80c.  5m. 

3.  What  is  the  present  worth  of  65l.  due  15  months  hence,  at  6l. 
per  cent,  per  annum  ?  Ans.  £.QQ  9s.  a^-d. 

4.  What  is  the  discount  on  ;f  .9 7  10s.  due  January  22,  this  being 
September  7th.  reckoning  interest  at  5l.  per  cent  ?   Ans.  ^\l    15   11. 

5.  What  ready  money  will  discharge  a  debt  of  D.1595  due  5 
months  and  twenty  days  htnce,  at  6  per  cent  ?  Ans.  D.  1 54 1   32c.  6m. 

6.  Bought  a  quantity  of  goods  for  D.250,  ready  money,  and  sold 
them  for  D.300  payable  9  months  hence  :  What  was  the  gain,  in 
ready  money,  supposing  discount  to  be  made  at  6  per  cent  ? 

Ans.  D.37  8c    I^m. 
7.  What 
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7.  What  is  the  present  worth  of  D.  9  60,  payable  as  follows;  viz. 
^  at  3  months,  j  at  6  months,  and  the  rest  at  0  months,  supposing  the 
discount  to  be  made  at  6  per  cent  ?  Ans.  D.936  70c. 

Rule  II. 

As  any  sum  of  money,  at  6  per  cent,  per  annum,  will  double,  at 
simple  interest,  in  200  months  ;  therefore, 

To  200  add  the  number  of  months  for  which  the  discount  is  re- 
quired, by  which  sum  divide  the  produ(^  of  the  money  and  time,  (in 
months,)  and  the  quotient  will  be  the  discount. 

Examples. 
1.  What  is  the  discount  of  D.150  75c.  for  a  year? 
200      150-75 
+12         X  12 

D.  c.  ra. 

212)1809-00(8-53a=8*53  3  discount,  Ans. 
1696 


1130 

1060 


150-75 

8-533 

700  

636  Present  worth   142  217 


640 
636 


2.  What  is  the  present  worth  of  D.426  55c.  at  6  per  cent,  to  be 
paid  8  months  hence  ?  nns.  D.4i0  I4c.  5m. 

3.  What  is  the  discount  of  3611.  15s.  6d.  to  be  paid  1  year  and  8 
months  hence  ?  Ans.  ,C.32  17s.  9;5:d. 

ABBREVIATIONS  IN  DISCOUNT. 

Any  principal  to  be  discounted  for  one  year,  at  any  of  the  follow- 
ing rates,  (or  for  any  rate  and  time,  whose  produd  is  equal  to  any 
of  the  following  rates)  being  (multiplied  by  the  multiplier,  if  any,  and) 
divided  by  the  corresponding  divisor,  the  quotient  will  be  the  dis- 
count. Rates. 


At 


H    - 

-81  (or  by  0  and  9) 

2        - 

-51 

2\      - 

-4f 

4*^      - 

-26 

6 

-21  (or  by  7  and  3) 

6       - 

-53  and  X  3 

n  - 

-43  and  X  3 

' 

8       - 

-27  and  X  2  (or  X  2  and  ^9  and  3) 

84     - 

-13 

10       - 

-11 

12        - 

-28  and  X  3  (or  X  8,  and~7  and  4) 

12i      . 

-  9 

Exii 

MPLES. 
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Examples. 
"1.  How  much  must  I  abate  of  6394L  10s.  due  3  years  heace,  at 
2|  per  cent,  per  annum  ?  /.'5394   10s. 

o 


2| 


X3  2T-j-3=9)  10789     0 


8,  therefore,  X  2,  and ^-27        3)1198   16     6^ 


;f.399   11      10  Ans. 

2.  What  IS  the  discount  of  D.540  62c.  5m  for  8^  years,  at  1   per 
cimt.  per  annum,  (or  for  1  year,  at  8^  per  cent,  per  annum  ?) 

D.  c.  m. 
13)54.(>-62  5 

Ans.  D.42-04  8 

3.  What  is  the  discount  of  D.  125  at  \\  per  cent,  per  annum,  for 
four  years,  (or,  at  4  per  cent,  per  annum,  for  1^  year  ?) 

X4 

5,  thereFore,4-2i)i25 


D.5  95c.  2m.  Ans. 

DISCOUNT  Br  DECIMALS* 
^he  sum  to  be  dhcounleJ)  the  time  and  the  ratio  given,  tojind  the  present  nuorth. 

Rule. 

Multiply  the  ratio  by  the  time,  add  unity  to  the  produ^  for  a  di- 
visor ;  by  which  sum  divide  the  sum  to  be  discounted,  and  the  quo- 
tient will  be  the  present  worth. 

Subtrad  the  present  worth  from  the  principal,  or  sum  to  be  dis- 
counted, and  the  remainder  will  be  the  discount. 

Or,  as  the  amount  of  li.  for  the  given  time,  is  to  11.  so  is  the  inter- 
est of  the  debt  for  the  said  time,  to  the  discount  required. 

Subtra<5l  the  discount  from  the  principal,  and  the  remainder  will  be 
the  present  worth.  Examples. 

*  As  in  Simple  Interest,  let  fl=amount  of  any  debt,  /»=prefent  worth,  *=time, 
and  rrrratio  ;  then  will  the  following  Theorems  exhibit  all  the  cafes  in  Difcount 
at  Simple  Interest. 

a  a — -p  a — j& 

I.  =/.    II./;r.+/=^.     III.-— =v.     IV. =r. 

tr->r  1  tp  rp 

Note.  When  the  ratio  is  06  per  cent,  per  annmn,  and  the  given  time  is  exprefled 
in  months,  whether  lefs  or  more  than  a  year,  if  the  debt  be  divided  by  1  plus  half 
as  many  hundredths  of  an  Hnit,  as  there  are  months  in  the  given  time,  the   quo- 

a  a 

tient  will  be  the  prefent  worth. — ^Thus,for  1  month 2, months 3,monttLS 

1-CQ5  l-Ol 

a  a  a 

<9 — ,  36  months ,  42  months, ,  &c.  &c. 

-015  l'J8  1-2  J 
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Examples. 

1.  What  is  the  present  worth  of  6001.  due  3  years  hence,  at  61.  per 
9ent.  per  annum  ? 

First  Method. 
Ratio='06 
!W[uUiply  by  the  time=    3 

Produa=*18 
Add  1- 

Divisor=l- 18)600(508* 4-745  present  worth. 
600 
Or,  . — =;f.508  9s.  5|d.  Ans. 

Present  worth=508-4745=/'.508  9s.  S^d,  \^«hich,  subtracted  fronfe 
the  principal,  will  give  the  discount  =j^.91    10s.  6^d. 

^  Second  Method. 

•  Ratio=-06 

•••Multiply  by     3     As  M8  :   1   ;:   108 

1 

•18  

Add  1-  M8)108-00(91-5254 

Amount  of  11  for  the  )  _"|7[g 
given  time  3  ~ 

And  600X  06X3=1 08=interest  of  the  debt  for  the  given  time.— 
Discount;p=91*5254==^\91  10s.  6d.  which  taken  from  the  principal 
will  leave  the  present  worth=j^'.508  9s.  6d. 

2.  What  is  the  present  worth  of  D. 558  62c.  5m.  due  2  years  henc«, 
at  44  per  cent,  per  annum  ? 

First  Method. 
Ratio=-045 
X  Time=:     2' 

•09 
+  1- 

Divisor=h09)558^625(512'5=present  worth. 
545 

136 
109 

272 
218 

545 
558^625  545 

Or, =D.512-5  Ans.  

-045x2+1  •••'  And 
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And  D-558-G25— D.5I2-5=D.46  12c.  5m.=discount.  Or,  As 
D.1-09  ;=amountof  D.l  for  the  given  time)  :  D.l  ::  D. 50. 27625  (= 
interest  of  the  debt  for  the  given  time)  :  D.46  I25=discount,  as  above. 
And,  D.558-625--D.46-125=:D  512-5=present  worth,-  as  above. 

3.  Required  the  present  worth  and  discount  of  D.4125  50c.  at  6j 
per  cent,  per  annum,  due  18  months  hence  ?  D.    c.  m. 

Anc   J  Present  worth  3746   19  7^ 
;^"^-  {discount  379  30  2^ 

4.  What  ready  money  will  discharge  a  debt  of  13541.  8s.  due  3 
years,  3  months,  and  12  days  hence,  at  5^1.  per  cent,  per  annum  ? 

Ans.  ;^'.1135   7s.  9d. 


BARTER 


IS  tlie  exchanging  of  one  commodity  for  another,  ^nd  teaches 
traders  to  proportion  their  quantities  without  loss.  • 

CASE  I. 
When  the  quantity  of  one  commodity  is  given^  with  its  valuCf  or  that  of  its 
integer,  that  is,  of  Ub.  Icwt.  \yd.  Isfc.  as  also  the  value  of  the  integer  of 
some  other  commodity ,  to  be  given  for  it,  to  find  the  quantity  of  this  ;  or, 
having  the  quantity  thereof  given,  to  find  the  rate  of  selling  it. 
Rule. — Find  the  value  of  the  given  quantity  by  the  concisest  meth- 
od, then  find  what  quantity  of  the  other,  at  the  rate  proposed,  you 
may  have  for  the  same  money  :  Or,  if  the  quantity  be  given,  find 
from  thence  the  rate  of  selling  it.     Or,   As  the  quantity  of  one  arti- 
cle  is   to  its  price,   so,  inversely,  is  the  quantity  of  the   other   to   it-s 
price.     Or,  as  the  price  of  one  article  is  to  its  quantity  ;  so,  inversely, 
is  the  price  of  the  other  to  its  quantity. 

Examples. 
1    How  much  tea  at  9s.   6d    per  lb.  must  be  given  in  barter  for 
156  gallons  of  wine,  at  12s.  3|d.  per  gallon  ? 

Galls. 


9s. 


3d. 

1  i      156 

I 

2 

1872 

39 

6  6 

6d.=114d. 

1917  6 
12 

23010 

d.       lb. 

d.                lb. 

oz. 

As  114  :   I   :: 

23010     :     201 

J3A%  Aus, 

price.       quan 

I.     price.      quan. 

s.    d.     gals. 

s.  d.      lb.     dz 

• 

Or,  As  12  3^  :   156   :    9  6  :  201   1 S^^^  Ans.  as  before. 

%  How 
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•2.  How  much  cloth,  at  1 5s.  8d.  per  yard,  must  be  given  for  5cwt. 
3qrs.  19lbs.  of  steel,  at  5  guineas  per  cwt.  ?        '^ns.  52yds.  3qrs.  2n. 

3  Suppose  A  has  350  yards  of  linen,  at  25c  per  yard,  which  he 
would  truck  with  B  for  sugar,  at  D.5  per  cwt.  How  much  sugar 
will  the  linen  come  to  ?  Ans.  1 7cwt.  2qrs. 

4.  A  has  broadcloths  at  D.44  per  piece,  and  B.  has  mace,  at  D  1 
42c.  per  lb.  :  How  many  pounds  of  mace  must  B  give  A  for  35  piec- 
es of  cloth?  Ans.  I084ilbs. 

5.  A  has  7^  cwt.  of  sugar  at  12  cents  per  lb.  for  which  B  gave 
him  12-2"  cwt.  of  flour :  What  was  the  flour  rated  at  per  lb.  ? 

Ans.  7c.  2m. 

CASE  II. 

If  the  quantities  of  two  cofnmodities  be  given,  and  the  rate  of  selling  thetn,  te 
fndt  in  case  of  inequality^  how  much  of  some  other  commodity  must  he  given. 
Rule. — Find  the  separate  values  of  the  two  given  commodities  ; 
subtract  the  less  from  the  greater,  and  the  difFeren'.'j  will  be  the 
amount  of  the  third  commodity,  whose  quality  and  rate  may  be  ea- 
sily found. 

Examples. 

1.  Two  merchants  barter;  A  has  30cwt.  of  cheese,  at  23s.  6d. 
per  cwt.  and  B  has^  pieces  of  broadcloth,  at  3l.  15s.  per  piece: 
Which  must  receive  money,  and  how  much  ? 

Ans.  B.  must  pay  A.  ;f  I    lOs. 

2.  A  and  B  would  barter  ;  A  has  150  bushels  of  wheat,  at  D.l 
25c.  per  bushel,  for  which  B  gives  65  bushels  of  barley,  worth  62^c. 
per  bushel,  and  the  balance  in  oats  at  375C.  per  bushel :  What  quan- 
tity of  oats  must  A  receive  from  B  ?  Ans.  39i-|  bushels. 

CASE  III. 

SometimeSf  in  bartering,  one  commodity  is  rated  ahove  the  ready  money  trice  ; 
then,  to  find  the  bartering  price  of  the  other,  say. 
As  the  ready  money  price  of  the  one,  is  to  its  bartering  price  ;  so 
is  that  of  the  other,  to  its  bartering  price  :  Next,  find  the  quantity 
required,  according  to  either  the  bartering  or  ready  money  price. 

Examples. 

1.  A  has  ribbands  at  2s.  per  yard  ready  money  ;  but  in  barter  he 
will  have  2s.  3d.  B  has  broadcloth  at  32s.  6d.  per  yard  ready  money  ; 
at  what  rate  must  B  value  his  cloth  per  yard,  to  be  equivalent  to  A's 
bartering  price,  and  how  many  yards  of  ribband,  at  2s.  3d.  per  yard, 
must  then  be  given  by  A  for  48 H  yards  of  B's  broadcloth  ? 

Ans.  B's  broadcloth,  at  £a  16s   6gd.  per  yd.  7930  yd».  ribband. 

2.  A  and  B  barter  ;  A  has  150  gallons  of  brandy,  at  D  1  37  J c. 
per  gallon  ready  money,  but  in  barter  ho  will  have  D.l  50c. ;  B  has 
linen  at  44c.  per  yard  ready  money  ;  how  must  B  sell  his  linen  per 
yard  in  proportion  to  A's  bartering  pried,  and  how  many  yards  are 
equal  to  A*s  brandy  ? 

Ans.  barter  price  is  48c.  and  he  must  give  A  468  yds.  3qrs. 

3  P. 
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3.  P  and  Q  barter;  P  has  Irish  linen,  at  60c.  per  yard,  but  in 
barter  he  will  have  6^c  Q  delivers  him  bioadcloth  at  D.^  per 
yard,  worth  only  D5  50c  per  yard:  Pray  which  has  the  advan- 
tage in  barter,  and  how  njuch  linen  does  P  give  Q  for  148  yards  of 
broadcloth  ? 

c.       c.       D.  c.      D.  c. 
As  60  :  64  ::  5  50  :  5  86j ;  therefore,  Q  by  selling  at  D. 6  has 
the  advantage.     Then, 

D.     yds.        c.        yds.  qrs. 
As  6  :   148  ::  64  :    1387  2  linen,  Ans. 

4.  A  has  200  yards  of  linen,  at  Is.  6d.  ready  money  per  yard, 
which  he  barters  with  B,  at  Is  9d.  per  yard,  taking  buttons  at  7\d, 
per  gross,  which  are  worth  but  6d.  :  How  many  gross  of  buttons  will 
pay  for  the  linen,  who  gets  the  best  bargain,  and  by  how  much,  both 
in  the  whole,  and  per  cent.  ? 

Yd.   d.     Yds.       d.  d.  Gross,  d.    Gross.     Yd.  d.     Yds.    £. 

.As  1:21::  iOO  :  4200.  As  Tf :  I  ::  4200  :  560.  As  1  :  18  ::  200  :  1$ 

gr.  d.      gr.     £.  [value  of  A 's  linen. 

As  1  :  6  ::  560  :  14  value  of  B's  goods.    So  that  B  gains  ll.  of  A. 

£,     £.      £.     £,.  s.  d. 
As  14  :  1  ::  iOO  :  7  2   10  per  cent. 

5.  A  has  linen  cloth,  at  30c.  per  yard,  ready  money,  in  barter  36c. 
B  has  3610  yards  of  ribband,  at  22c.  per  yard  ready  money,  and 
would  have  of  A  D.200  in  ready  money,  and  the  rest  in  linen  cloth ; 
what  rate  does  the  ribband  bear  in  barter  per  yard,  and  how  much 
linen  must  A  give  B  ? 

Ans.  The  rate  of  ribband  is  26c.  4m.  per  yard,  and  B  must  re- 
ceive I980|^  yards  of  linen,  and  D.200  in  cash. 


LOSS  AND  GAIN 


IS  an  excellent  rule,  by  which  merchants  and  traders  discover  their 
j^rofit,  or  loss  per  cent,  or  by  the  gross :  It  also  instru(5^s  them  to 
raise  or  fall  the  price  of  their  goods,  so  as  to  gain  or  lose  so  much 
per  cent.  &c. 

CASE  1. 

To  knoiv  "jjhat  is  gained  or  lost  per  cent. 
Rule. 
First  see  what  the  gain  or  loss  is,  by  subtradion  ;  then,  as  the 
price  it  cost,  is  to  the  gain  or  loss  :  so  is   I  OOl.  to  the  g.nn  or  h  si 
per  cent. 

Or,  in  federal  money,  annex  two  cyphers  to  the  gain  or  loss,  and  di- 
vide by  the  cost  for  the  gain  or  loss  per  cent. 

Example  • 
1.  If  I  buy  serge  at  90c.  per  yard  and  sell  It  again  at  D.I  2c.  per 
yard  :  What  do  I  gain  per  cent,  or  in  laying  out  D.IOO  ? 

Sold 
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c.     c.       D.      D. 
Sold  for  D.1-02     As  90  :  12  ::  100  :  1^^  per  cent,  gain,  Ans. 
Cost  -90 

Gain  -12  per  yard.  12-00 

Or,  1  -02 — '90— •12=gain  per  yard  ;  and  — : —  =13^^  per  cent,  gain, 

•9  [as  before. 

N.  B.  The  first  questions  In  the  several  cases,  serve  to  elucidate 
each  other. 

2    If  I  buy  serge  at  D.l  2c.  per  yard,  and  sell  it  again  at  90c.  per 
yard  :   What  do  1  lose  percent,  or  in  laying  out  D-lOO? 
D.  c.         D.    c       c.       D      I),    c.  m. 

Cost        1()2     As  J   02  :  12  ::  100  :  11  76  5  percent,  loss,  Ans. 

Sold  for     90  j2.()0 

y  "T"         Or, =ll*765per  cent,  loss,  Ans.  as  before. 

1.0SS  'iz  J. ^^2 

3.  If  I  buy  a  cwt.  of  tobacco  for  91.  6s.  8d.  and  sellit  again  at  Is. 
lOd.  per  lb.  do  I  gain  or  lose,  and  what  per  cent.  ? 

lb.  £.     s.     d. 
112                           Sold  for  10     5     4 
Cost  9     6     8 

£-  

1  2^*  I  tV  I     ^^     4  value  at  2s.  per  lb.    0  18     8  gained  in  the  gross. 

0  18     8  value  at  2d.  per  lb. 

10     5     4  value  at  Is.  lOd.  per  lb. 
£.  s.  d.      s.   d.         jC.       £' 
As  9  6  8  :   IS  8  ::   100  :   10     Ans.  10  per  cent.  gain. 

4.  A  draper  bought  60  yards  f>f  cloth  at  DA  50c.  per  yard,  and 
38  yards  of  cloth  at  D.2  50c.  per  yard,  and  sold  them,  one  with 
another,  at  D  4  2.')C  per  yard  :  Did  he  gain  or  los^,  and  what  per 
cent.      60     yards  at       D.4   'Oc.      per  yard     =     D.270 

38     yards  at  2  50         per  yard     =  95 

98     yards  cost 365 

which  subtraa  from  98  yds.  at  D.4  25c.=4 16-50 

gain  in  the  gross  =  51 '50 

D.       D  c.         D.     5150-00      D.  c. 

Then,  as  365  :  51-50  ::   100: =  11-11  gain  per  cent.  Ans. 

365 

5.  Bought  sugar  at  6id  per  lb.  and  sold  it  at  21.  3s.  9d,  per  cwt. 
What  was  the  gain  or  loss,  per  cent.  ? 

lb.      d         lb.      £,  s.  d. 
As  I   :  6t  ::  112  :  »  0  8 
Prime  cost /".S     0     8  per  cwt.     £.  s.  d.      s.     d.       £.      £,    s.   d. 
Sold  at  2     3     9  per  cwt  as  3  0  8  :  16  11  ::  100  :  27  17  8^- 

[loss  per  cent.  Ans. 

Lostjf.O  16  11  in  the  whole.  i.  At 

2...I 
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6.  At  4s.  6d.  in  the  pound  profit :  How  much  per  cent.  ? 

As  1  :  4.  6  ::   100  :  22  10  Ans. 

7.  If  I  buy  candles  at    Is.  6d.  per  lb.  and  sell  them  again  at  2s. 
per  lb.  and  allow  3  months  for  payment  :  What  do  I  gain  per  cent.  ? 

d.     d.        £        £.  '  s.  d.  Mo.    £  Mo.  C  s. 

As  18  :  24-  ::  100  :  133  6  8  ;  then  by  discount,   As  12  :  6  ::  3  :1  10 

_  £'     s-      £■   s.         £'  s.  d.     ^.  s.    d. 

Then,  as  101    10  :    1    10  ::   133  6  8  :    1    19  4|,  which  taken  from 
13.S1.  6s.  8d.  leaves  1311.  7s.  3^d   therefore,  Ans.  £.31  7s.  3^d. 

8.  If  I  buy  cloth  at  13s  per  yard,  on  8  months  credit,  and  sell  It 
again  at  12s.  ready  money,  do  I  gain,  or  lose,  and  what  per  cent.  ? 

Mo.   £,     Mo.  £.         £.       s.        £,       s.  d. 
As  12  :  6    ::    8:4    As  104  :   13  ::   100  :   12  G  :    So  that  13s. 
©n  8  months  credit  at  61.  per  cent,  is  equal  to  12s.  6d.  ready  money  ^ 
then,  .     s.  d.  s    d.     d.        ^.      £. 

Prime  cost  J  2  6  ready  money. 

Sold  at        12  0  ready  money, 


As  12  6  :  6  ::   100  :  4 
Ans.  lost  £A  per  cent. 


Lost  6  in  the  yard. 

9.  If  I  buy  gloves  at  D.l  25c.  per  pair  :  How  long  credit  must  I 
have,  to  gain  D.l 3  per  cent,  when  I  sell  them  at  D.l  36c.  per  pair? 

D.c.  D.c.       c.        D.     D.c. 

Sold  at        1-36     As  1-2.5  :  '11  :   100  :  8-80  gain  per  cent.  rdy.  mo. 
Prime  cost  1-25  D.    D.c.    D.c. 

— "  Then,   13— 8-80=4-20  Now, 

Gained  '11  per  pair.         D.    Mo.      D.c.  Mo.  days. 

As  6  :   12  ::  4-20  :  8   12  Ans. 
In  casting  up  the  amount  of  goods  bought,  imported  or  exported  ; 
to  the  prime  cost  of  such  goods  we  must  add  all  the  charges  upon 
them,  in  order  to  fix  the  price  they  stand  us  in. 

10.  Suppose  I  import  frorn  France,  12  bales  of  cloth,  containinglO 
pieces  each,  which,  with  the  charges  there,  amounted  to  D.360  :  I 
pay  duty  here  92c.  per  piece,  for  freight  D.12  and  portage  D.l  2.5c.  ; 
Wh^t  does  it  stand  me  in  per  piece,  and  how  must  I  sell  it  per  piece 


to  gain  D.IO  per  cent. 

.      D.    c. 

12  bales. 

First  cost  360- 

10 

Duty          110-40 

Freight         12- 

120  pieces. 

Porterage       1*25 

Pieces.      D.  c.    Piece.  D  c. 

As  120  :  483-65  ::   1   :  4-03  cost 

.  per  piece 

Whole  cost  483*65 

D.  Pieces.    D.c. 

c. 

m. 

Again,  as  100  :  10  ::  4-03  : 

40 

3  gain. 

40  3 

[per  piece. 

D.4-43  3  the  price  at  which  it  must  be  sold 

CASE 
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CASE     II. 

To  know  how  a  eommodity  must  be  sold,  to  gain  or  lose  to  much  per  cent. 
Pule. — As  1001.  Is  to  the  price  ;  so  is  lOOl.  with  the  profit  added. 
Or  loss  subtraded,  to  the  gaining  or  losing  price.  Or, 

In  federal  money,  multiply  100  dollars  adddd  to  the  gain,  or  less  by 
the  loss  per  cent,  by  the  cost ;  and  pointing  off  the  two  right  hand 
figures  of  the  produd  gives  the  answer. 

Examples. 

1.  If  I  buy  a  quantity  of  serge,  at  90c.  per  yard  :  How  must  I 
.sell  it  per  yard  to  gain  IS^  per  cent.  ? 

D.        D.     c  c.     D.    c. 

As  100  :  113  334^  ;:  90  :  1     2  Ans. 
D.     c.         c.       D. 
Or,  113  33-j  X  90=  102  ;  and  pointing  off  two  right  band  places, 
D.102,  Ans.  as  before. 

2.  11"  a  barrel  of  powder  cost  41.  how  must  It  be  sold  to  lose  101. 
per  cent 

£'    £'    £• 

As  100  :  4  ::  90  Or  thus : 

4  90 

4 

100)360(3  

300  £  3|60 

20 

60  

20  ^12|00 


100)1  soon 2  Ans.;£'.3  12s. 
1200 

3.  Bought  cloth,  at  D.2  50c.  per  yard,  which  not  proving  so  gooii 
as  I  expedited.  I  am  content  to  lose  17i  per  cent,  by  it :  How  must 
I  sell  it  per  yard  ?  Ans.  D.2  6c.   2{m. 

4.  If  1201b.  of  steel  cost  71.  How  must  I  sell  it  per  lb.  to  gain 
15^1.  per  cent.  ? 

lb.     £.     lb.     s.  d  £.      s.  d.        £.      s.  d. 

As  120  :  7  ::   I   :   1   2     As  l(X)  :   1  2  ::   115^  :  1  4  per  lb.  Ans. 

5.  A  gentleman  bought  10  tons  of  iron  for  2001.  the  freight  and 
duties  came  to  251.  and  his  own  charges  to  81.  6s.  8d. ;  How  must  he 
sell  It  per  lb  to  gain  201.  per  cent  bv  it  ? 

£,      £.        p    s    d.  £,    s.  d.  £,   s.  d.  g.    s.  d.    C, 

As  100  ;  20  ::  233  6  8  :  46   l.'J  4  Then,  233  6  8+46  13  4=2S0 
Tons.    £.        lb.     d. 
As  10  :  280  ::   1  :  3  per  cent.   Ans. 

6.  If  a  bag  of  cotton,  weighing  8  cwt.  Oqrs.  20lb.  cost  D.45  55c. 
How  must  it  be  sold  per  cwt.  to  lose  D.8  per  cent.  ? 

cwt.qrs.lb.    D.  c.  cwt.  D^c.m.  D.c.m.  D  cm. 

As  8  0  20  :  45-55  ::  1  :  5-56  9  As  100  :  92  ::  S-m  9  :  .',12  .S  Ans. 

7.  Bought  fish  in  Newbury  port,  at  lOs.  per  quintal,  and  sold  it  at 
Philadelphiii,  at  I7s.  6d,  per  quintal  j  now>  allowing  tlic  chujges  at 

an 
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an  average,  or  one  with  another,  to  be  2s.  6d.  per  quintal,  and  con- 
sidering I  must  lose  201.  per  cent,  by  remitting  my  money  home^^ 
what  do  I  gain  per  cent.  ? 

Selling  price   17  6  Philadelphia  currency,  per  quintal. 
Charges     2  6  ditto. 


15  0  ditto. 

As  100 

s.        £.        s. 
:   15  ::  80  :    12  New  England  currency, 

Sold  at        12s.  per  quintal. 

Bought  at  10s.  per  quintal. 

s. 
As  JO  : 

Gained          2s.  per  quintal. 

^-      £■    £■ 

2  ::   100  :  20  per  cent,  gained,  Ans. 

8.  Bought  50  gallons  of  brandy,  at  75c.  per  gallon,  but,  by  ac- 
cident, 10  gallons  leaked  out :  At  what  rate  must  I  sell  the  lemain- 
der  per  gallon,  to  gain  upon  the  whole  prime  cost,  at  the  rate  of  Id 
per  cent.?  Ans.  D.l  3c.  l^m. 

CASE  III. 

IVhm  there  is  gain  rr  loss  per  cent,  to  know  what  the  commodity  cost. 
Rule.     As  lOOl.  with   the  gain  per  cent,  added,  or  loss  per  cent, 
subr.raded,  is  to  the  price  ;  so  is  J  OOl.  to  the  prime  cost.     Or, 

U\  federal  mi ney.  divide  the  price  with  two  cyphers  annexed  by 
D.I 00  added  to  the  gain,  or  less  by  the  loss,  per  cent,  for  the  answer. 

Examples. 

1  If  1  yard  of  cloth  be  sold,  at  D.I  2c.  and  there  is  gained  \'6\ 
per  cent.  What  did  the  yard  cost  ? 

D-  D.  c.       D.       c. 

As   100+13^  :   1   2  ::   100  :  90  prime  cost,  Ans. 

102-00 

Or, =  '9,  Ans.  as  before. 

113-331 
2.  If  12  yards  of  cloth  are  sold  at  1 5s.  per  yard,  and  there  is  71. 
lOs.  loss  per  cent,  in  the  sale  :  What  is  the  prime  cost  of  the  whole  ? 
Yd.    s.       Yds.  I.  £.  s.      I.       £.      £.    s.  d. 

As  I   :   J5   ::    12  :  9     As  92   10  :  9  ::    100  :  9   14  7    Ans. 
S.  If  401  b  of  chocolate  be  sold  at  25c.  per  lb   and  I  gain  9  per 
cent.    What  did  the  whole  cost  me  ?  Ans.  D.9   17c.  4m.+ 

4.  If  194  cwt  sugar  be  sold  at  D.I 4  50c.  per  cwt.  and  1  gain 
D.l 5  per  cent.  :  What  did  it  cost  per  cwt 

D.        D  c.        r>.      D.  c.  m. 
As  115  .-    14-50  ::   100      12-60  8  Ans. 

CASE  IV. 
If  by  tvares  sold  at  such  a  rate,  there  is  so  much  gained  or  lost  per  cent,  to 

knoio  zvhat  ivould  be  gained  or  lost  per  cent,  if  sold  at  another  rate, 

JluLE.— As  th^  first  price  is  to  lOOl,  with  the  profit  per  cent,  add- 
ed. 
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ed,  or  loss  per  cent,  subtrafted  ;  so  is  the  other  price,   to  the  gain  or 
loss  per  cent,  at  the  other  rate. 

N.  B.  If  your  answer  exceed  1 00,  the  excess  is  your  gain  per  cent, 
but  if  it  be  less  than  100,  the  deficiency  is  your  loss  per  cent. 

Examples. 

1.  If  cloth,  sold  at  D.l  2c.  per  yard,  be  IS]-  profit  per  cent. 
What  gain  or  loss  per  cent  shall  1  have,  if  1  sell  the  same  at  90c.  per 
yard?  D.  c.      D.  c.       D. 

As   1   2  ;   113|  ::  90  :    100 
And,   100-100=0,  Ans.  I  neither  gain,  nor  lose. 

2-  If  cloth,  sold  at  4s.  per  yard,  be  1  Ol.  per  cent,  profit  :  What 
shall  I  gain  or  lose  per  cent,  if  sold  at  5s.  bd.  per  yard  ? 

£.  £.          s.  d. 

As  4  :    ilO  ;:   3   6 

12  12                                           C     €.      £. 

—  —                          Then,   100-96i=3| 

48  42 

no 

48)4620(96^  Ans.  I  lost  £.^^  per  cent,  by  the  last  sale. 
432 

300 

288 

12 

8.  If  I  sell  a  gallon  of  wine  for  D.I  50c.  and  thereby  lose  12  per 
cent.  :  What  shall  I  gain  or  lose  per  cent,  if  I  sell  4  gallons  of  the 
same  wine  foi  D.6  75c.  ? 

D.    D.      D.c.     D. 

As  6  :  88  ::  6-75   :  99     And   100—99=1  per  cent  loss. 
4.  I  sold  a  watch  for  60l.   and  by  so  doing,  lost  I7l   percent, 
whereas  in  trading  I  ought  to  have  cleared  20l.  per  cent.    How  much 
was  it  sold  under  its  real  value  ? 

Y.    £•     £'   £'  s.  d.         jC'    £'  s.  d.     £.    £.  s.  d. 

As  83  :  60  ::  100  :  60  4  9^   As  100  :  60  4  9^  ::  120  :  72  5  9^ 

£.   s.d.  £,  £.3.   d. 

Then,  72  5  9^—50=22  5  9^  Ans. 
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IS  the  finding  a  time  to  pay,  at  once,  several  drhis,  due  at  differ- 
ent times,  so  tiiat  uo  loss  shall  be  sustained  by  either  puity. 

Rule 
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Rule      I* 
Multiply  each  payment  by  the  time  at  which  it  is  due  ;  then  divide 
the  sum  of  the  produ(51s  by  the  sum  of  the  payments,  and  the  quotient 
will  be  the  equated  time,  or  that  required. 

Examples. 

1.  A  owes  B  380D.  to  be  paid  as  follows,  viz.  lOOD.  in  6  months, 
120D.  in  7  months,  and  160D.  in  10  months  :  What  is  the  equated 
time  for  the  payment  of  the  whole  debt  ? 

lOOX  6^  600 
120x  7=  840 
160X10=1600 

100+1204-160=380)3040(8  months,  Ans. 
3040 

2.  A  owes  B  1041.  15s.  to  be  paid  in  4\  months,  1611.  to  be  paid  In 
S\  months,  and  1521.  5s.  to  be  paid  in  5  months  :  What  is  the  equa- 
ted time  for  the  payment  of  the  whole  ?      Ans.  4  months  and  8  days. 

3.  There  is  owing  to  a  merchant  9981.  to  be  paid,  1781.  ready 
money,  2001.  at  3  months,  and  3201.  in  8  months  ;  I  demand  the  in- 
different time  for  the  payment  of  the  whole  ?  Ans.  4^  months. 

4.  '["he  sum  of  164D.  16c.  6m.  is  to  be  paid,  i  in  6  months,  ^  in 
8  months,  and  jt  in  12  months  :  what  is  the  mean  time  for  the  pay- 
ment of  the  whole  ?  Ans.   7j  months. 

Rule  II. 

See,  by  rule  1  st,  at  what  time  the  first  man,  mentioned,  ought  to 
pay  in  his  whole  money  ;  then  as  his  money  is  to  his  time,  so  is  the 
other's  money,  to  his  time,  inversely,  which,  when  found,  must  be 
added  to,  or  subtracted  from,  the  time  at  which  the  second  ought  to 
have  paid  in  his  money,  as  the  case  may  require,  and  the  sum,  or  re- 
mainder, will  be  the  true  time  of  the  second's  payment. 

Examples. 

1.  A  is  indebted  to  B  150D.  to  be  paid,  50D.  at  4  months,  and 
lOOD.  at  8  months  :  B  owes  A  250D.  to  be  paid  at  10  months  :  It 
is  agreed  between  them  that  A  shall  make  present  pay  of  his   whole 

debt, 

*  This  rule  is  founded  upon  a  fuppofition  that  the  fum  of  the  interefls  of  the  fev- 
eral  debts,  which  are  payable  before  the  equated  time,  from  their  terms  to  that  time, 
ought  to  be  equal  to  the  fum  of  the  interests  of  the  debts  payable  alter  the  equated 
time,  from  that  time  to  their  terms.  Some,  who  defend  this  principle,  have  en- 
deavoured to  prove  it  to  be  right  by  this  argument ;  that  what  is  gained  by  keeping 
fome  of  the  debts  after  they  are  due,  is  lofl:  by  paying  others  before  they  are  due  ; 
but  this  cannot  be  the  cafe  ;  for  though,  by  keeping  a  debt  aiier  it  is  due,  there  is 
gained  the  interefl  of  it  for  that  time  ;  yet,  by  paying  a  debt  before  it  is  due,  the 
payer  does  not  lofe  the  intereft  for  that  time,  but  the  difcount  only,  which  is  lefs 
than  the  interefl,  and  therefore  the  rule  is  not  accurately  true  ;  however,  in  moft 
queftions,  which  occur  in  bulinefs,  the  errour  is  fo  trifling,  that  it  will  always  be 
made  ufe  of  as  the  moil:  eligible  method. 

The  true  rule  will  be  given  in  Equation  of  Payments  by  Decimal5i 
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debt,  and  that  B  shall  pay  his  so  much  the  sooner,  as  to  balance  that 
favour  ;  I  demand  the  time  at  which  B  must  pay  the  2301).  reckon- 
ing  simple  interest. 

50x4=200 
100X8=800 

50-M00=15|0)100|0(6|  months,  A's  equated  time. 
90 

10 

D.    mo.      D.  mo.  mo.  mo.  mo. 

As  150  :  6|  ::  250  :  4.    Then,  10—4  =  6  time  of  B's  payment. 

2.   A  merchant  has  I20l.  due  to  him,  to  be  paid  at  7  months  ;  but 
the  debtor  agrees  to  pay  ^  ready  money,  and  j  at  4  months  ;    I   de- 
mand the  time  he  must  have  to  pay  in  the  rest,  at  simple   interest,  so 
that  neither  party  may  have  the  advantage  of  the  other  ? 
Debt  j^".  120 


^=  60  must  be  paid  down. 
4=  40  must  be  paid  at  4  months. 
^=  20  unpaid. 
Now,  as  he  pays  601.  7  months,  and  40l.  3  months  before  they  are 
respedively  due,  say,  as  thelnterestof  20l.  for  I  month,  is  to  1  month, 
so  is  the  sum  of  the  Interest  of  60l.  for  7  months,  and  of  40l.    for  3 
months,  to  a  fourth  number,  which,  added  to  the  7  months,  will  give 
the  time  for  which  the  201.  ought  to  be  retained. 

Ans.  2  years  and  10  months. 
3.    A  merchant  has  1200D.  due  to  him,  to  be  paid  ^  at    2  months, 
-g-  at  3  months,  and  the  rest  at  6  months  ;  but  the  debtor  agrees  to  pay 
l  down  :  How  long  may  the  debtor  detain  the  other  half,  so  that  nei-* 
ther  party  may  sustain  loss  ? 

mo.  mo.  Now,  as  ^  was  paid  4  j  months  before 

-^X2=0y  it   was    due,    it    is    reasonable     that    he 

•^X3=l  should  detain   the    other  4   4^    months 

^X6=3  after  it  became  due,  which,  added,  gives 

—  8y  months,  the  true  time  for  the  second 

Equated  time=4^  payment. 

EQUATION  OF  FITMENTS  B2'  DECIMALS, 
Rule.* 
1.  To  the  sum  of  both   payments  add   the   continual    produdl  of 
the  first  payment,  the  ratio,  and  the  time  between  the  payments,  and 
call  this  the  first  number.  '  2.  Multiply 

*  Suppofe  a  fum  of  money  be  due  immediately,  and  another  at  tlie  cxpir.it!on 
of  a  certain  given  time  forward,  and  it  is  propofed  to  find  a  time,  fo  that  neither 
party  fliall  fuftain  lol's. 

Now,  it  is  plain  that  the  equated  time  muft  fall  between  the  two  payments  ;  Rnd 
that  wliat  is  gotten  by  keeping  the  firfl  debt  after  it  is  due,  fliould  ho  equal  to  what 
s  loft  by  paying  the  Iccond  debt    betbr*;   it  h  due  ;  but  tlie  jjain  ariling  from  the 

Jcot^pinjj 
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2.  Multiply  twice  the  first  payment  by  the  ratio,  and  call  this  the 
second  number. 

3.  Divide  the  first  number  by  the  second,  and  call  the  quotient  the 
third  number. 

4.  Call  the  square  of  the  third  number  the  fourth  number. 

5.  DIvi'Je  the  produrll  of  the  second  payment  and  time  between  the 
payments  by  the  produ6l  of  ^he  first  paymeni  and  the  ratio,  and  call 
the  quotient  the  fifth  number. 

6.  From  the  fourth  number  take  the  fifth,  and  call  the  square  root 
of  the  difference  the  si^ih  number. 

Y.  Then  the  difF','rence  of  the  third  and  sixth  numbers  is  the  equated 
time,  after  the  first  payment. 

Example. 

There  are  lOOD.  payable  in  2  years,  and  lOf>D  at  6  years  hence  ; 
whit  is  the  equ.iced  time,  allowing  simple  interest,  at  6  per  cent,  per 
annum  ? 

1st.  payment=]00  1st.  payment  100 

Ratio=-06  Multiply  by        2 

6*00  200 

TImebetweenthepayments--4years.  Mult,  by  theratio=-06 


Add  both  payments=  j 
Dlv.  by  the  2d.  num.=12)230=lst.  number. 


24  12.00=^2d.  num. 

100 
106 


1 9- 166+=3d.  number. 
19-Ja64- 


3d.  number  squared=367-33j556=4th.  number. 
2d.  priyment=106 
Multiplied  by  the  time=     4 

1st.  paymentn>uk.by  theratio=6 .424=  {P-rb:[w:::1hrry" 

70-656+=5th  number. 
From  the  4th.  number=367-335556 
Take  the  5th.   numbers  70-666666 

Carried  over. 

keeping  of  a  fum  of  money  after  it  is  due,  is  evidently  equal  to  the  interefi  of  the 
debt  for  that  time  :  And  ;he  lofs,whicii  is  fuft:''ned  by  the  paying  of  a  fum  of 
money  before  it  is  due,  is  evidently  equal  to  che  difcount  of  the  debt  for  that  time  : 
Therefore  it  is  obvious  that  the  debtor  muft  retain  the  fum  'mmediately  due,  or  the 
firfl  payment,  till  i;s  intsreji  fliall  be  equal  to  the  difcount  of  ttie  fecond  fum  tor  the 
;ime  "t  is  p?id  before  due  ;  becaufe  in  rliat  cafe  the  gain  And  iofs  will  be  equal,  a«d 
confequentiy  neither  party  can  be  a  lofer. 
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Brought  over.  

296'668890(17-2243qr.  root=6th.num. 
From  the  3d.  number=:19'166 
Take  the  6tli.  number=17  224 

l*942=equated  time  from  the  first  pay- 
ment ;  therefore  3*942  years=37. 
]  Im,  9d.=whole  equated  time. 


100+1064-100XO6X4      loo+ioe+ioox-osx^ 


lOOX'^X-06  100X2X'06 


106X^1 


1-942. 


100X06 


POLICIES  OF  INSURANCE. 

INSURANCE  is  a  security,  or  assurance,  by  mean  of  a  writ 
cabled  a  P.-llcy,  to  indemnify  the  insured  of  such  losses  as  shall  be 
specified  in  the  policy  subscribed  by  the  insurer,  or  insurers,  by 
which  the  under  writers  oblige  themselves  to  make  good  and  elFedu- 
al  the  property  insured,  in  consideration  of  a  certain  premium  at  a 
stipulated  rate  per  cent,  (which  varies  according  to  the  risk)  to  be 
immediately  paid  down,  or  otherwise  secured  according  to  the  tenor 
of  the  agreement. 

The  average  loss  is  10  per  cent.  ;  that  is,  if  the  insured  suffer  any 
damage  or  loss,  not  exceeding  10  per  cent,  he  bears  it  himself,  and 
the  insurers  are  free. 

A  policy  should  be  taken  out  for  a  sum  sufficient  to  cover  the  prla- 
cipal  and  premium,  and  the  business  of  this  rule  is,  in  general,  to  cal- 
culate what  that  sum  should  be. 

CASE  I. 

When  the  premlunii  at  a  certain  rate  per  cent,  for  insuring  a  sum.  Is  required, 
the  operation  is  the  same  as  in  interest,  or  commission. 
Examples. 
1.  What  is  the  premium  upon  5371.   15s.  9d.  at  61  per  cent.  ? 
£.    s.    d. 
537  15     9 


1 

3226 

=  268 

34195 

20 

]0|12 
12 

6i 
14     6 
17  lOi 
12    4^ 

■  1|48 
4 

1194 

Ans.  £M' 
2...K 

193. 

lid. 

nearly. 

2. 

What. 
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2.  What  is  the  premium  upon  D.375,  at  7^  per  cent.  ? 

D.S75 
•075 

1875 
2625. 

Ans.  D.28-125 

CASE  II. 

Tof,ndthe  sum  for  which  a  policy  should  be  taken  out  to  cover  a  given  sum* 

Rule. — Take  the  premium  from  lOOl  (or  m  federal  money  D.lOO) 
and  say,  As  the  remainder  is  to  100,  so  is  the  sum  adventured  to  the 
policy.*     Or, 

In  decimals,  take  the  premium  from  100,  annexe  two  cyphers  to  the 
gum  to  be  covered,  and  divide  by  the  remainder  for  .the  policy. 

Examples. 

1.  It  is  required  to  cover  7591.  premium  8  per  cent.  :  For  what 
sum  must  the  policy  be  taken  ? 
100 
8 

92  :  100  ::  759 
100 

£' 

92)75900(^825  Ans. 
736 


230 
184 
75900 

460  Or, =^^.825,  Ans.  as  before. 

460  Q2 

2.  A  merchant  sent  a  vessel  and  cargo  to  sea,  valued  at  D.5760 : 
What  sum  must  the  policy  be  taken  out  for,  to  cover  this  property, 
premium  19^  per  cent.  ? 

100 

*  Now  it  is  plain,  that  if  I  want  to  recover  92l.  I  muft  in  this  cafe,  infure  upoa 
lOOl. ;  therefore,  to  recover  7591.  I  muft  infure  upon  8251. ;  for  when  8  per  cent, 
for  premium  is  deducfled,  I  fliall  have  7591.  remaining  nett. 
For  ;^.825=fum  infured  upon  at  8  per  cent. 
66=:premium  to  be  dedudled. 

759=the  firft  outfet. 
In  this  and  the  following  cafes,  let  x=100,  /&=premium,  paramount  to  be  ijb 

fured  upODi  and  jssfum  to  be  covered ;  then,  x-^  :  «  ;;  s  ;  <?,  or7==^=^. 
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100 
19-5 

D.         D.         D.    c. 

80-5  :  100  :j  5760  :  7155'28— Aas. 
576000 

Or, =  D.7l55-2ac.— Ans.  as  before. 

80-5  *      * 

CASE  III. 
When  a  policy  is  taken  out  for  a  certain  sum  in  order  to  cover  a  given  sum. 
To  find  the  premium,  bay,  as  the  policy  is  to  the  covered  sum  ;  so 
is  /  .!00    or  D.  1 00.  to  a  fourth  number,  which,  being  taken  from 
100,  will  leave  the  premium.*     Or, 

In  decimals ^  divide  the  sum  covered,  with  two  cyphers  annexed,  by 
the  policy  ;  subtrad  the  quotient  from  100,  the  remainder  is  the  pre- 
mium. Examples 

1    !'■  a  policy  be  taken  out  for  12.'j0l.  to  cover  5001.    What  is  jthe 
premium  per  cent.  ?    12:;0  :  500  ::   luO 
100    ^ 
^    ^ 

125O).500OO(4-O  and  ^f.  100—40==^. 60  Ans. 
50000 

Or, =  40,  &c.  as  before. 

1250 

2.  If  a  policy  betaken  out  for  D.78 1-25,  to  cover  D. 625 :  Re. 
quired  the  premium  per  cent  ? 

D.  c.       D.  D.       D.  c. 

As78'!-25  :  625  ::   100  :  87*50    And,  100— 87*5=  12-5,  or  12^ 
62500  [per  cent,  premium,  Ans. 

Or, s=  87*5,  Ac.  as  before. 

781-25 

CASE     IV. 

When  the  policy  for  covering  any  sum  and  the  premium  per  cent,  are  given,  i9 

Jind  the  sum  to  be  covered. 

Rule. — Deduft  the  premium  per  cent,  from  100,  and  say,  As 

100  is  to  the  remainder,  so  is  the  policy  to  the   sum  required  to  be 

covered    Or, 

In  decimal'.  Multiply  the  policy  by  the  remainder  found  as  before, 
and  point  off  two  right  hand  places  in  the  product  for  the  answer. 

Examples 
1.  If  a  policy  be  taken  Dut  for   12501.  at  60  per  cent.  :    What  is 
the  adventure,  or  sum  to  be  covered  ^f 
100 
60 


100  :  40  ::   1250  Or,  1 2 '50x100- 60  =,  50000,  and, 

40  pointing  off  two  places,  50000 

/*.  Ans.  as  before.  2.  If 

100)50000(500  Ans. 


*:•%',  x-~f>,  tr  X—  — =/.        f  X  :  x—p 
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2.  If  a  policy  be  taken  out  for  D.781  25c.  at  ]  2^  per  cent,  requir- 
ed the  sum  covered  ?  

781-25X10()--121 

As  100  :  100—121  ::  781-25  : =D.625,  Ans. 

100 

Or,  781-25x100— 12-5=62500;  a«i  6'^-00,  Ans.  as  before. 

CASE  V. 

When  a  given  sum  is  adventured  several  voyages  round  from  one  place  to  anoth' 
er^  either  at  the  same^  or  d'iferent  rish^  from  place  to  place,  and  it  is  re- 
quired to  take  out  a  policy  for  such  a  sum  as  'will  cover  ihe  adventure  all 
round,  supposing  the  risk  out  and  home  to  be  equal  and  tantamount  to  the 
ieveral  given  risks. 

Rule. 

1.  Raise  lOOl.  or  D.  to  that  power  denoted  by  the  numbfer  of 
risks,  and  multiply  the  said  power  by  the  sum  adventured,  (or  to  be 
covered )  for  a  dividend.  ^  ; 

2.  Subtrad  the  several  premiums,  each,  from  lOGl.  and  multiply 
the  several  remainders  continually  together  for  a  divisor,  and  the 
quotient,  arising  from  this  division,  will  give  the  policy  to  cover  the 
adventure  the  voyage  round.* 

Example. 

A  merchant  adventured  D.  1 500  from  Boston  to  Philadelphia,  at  3 

per  cent,  from  thence  to  Guadaloupe,  at  4,  from  thence  to  Nantz,  at 

5,  and  from  thence  home  at  6  per   cent. :    For  what  sum  must  he 

tike  out  a  policy  to  cover  his  adventure  the  voyage  round,  supposing 

the 


For  the  firft 

Vdyage. 

Second  Voyage. 

^     Third  Voyage. 

xxs 

« — p  :  X  :: 

xs 

s  :  a. 

X — />  :   X  ::       '  '  '   :   a. 
x^p 
xxs 

x—p  :   X  :: 

x-pi 

xxxs 

= — a. 

>^-r- 

«^^="- 

2 

3 

X 

ay^x—p 
2 

cXx—p 
3 

X 

sx 

X =/. 

xxs 
x—V—=p- 

3     x^s 
x^\/- =/.  an 

for  as  many  voyages  as  may  be  required.   Hence,  making  »?=exponent  of  any  giv- 


en power,  ■-:■      — = — -: =fum  to  be  infured  upon,   all  round  : — And 

x^pXx—pXx—p,  &c. 

m/  tn 
„_.>«    Xs  ^ 

^ =  the  premium  all  round,  tantamount  to  the  feveral  given  premiums ; 

a 
s,  in  this  Theorem  being  equal  to  the  firft  adventBre,  and  a=Jtt6olim  which  will 
cover  that  adventure  the  voyage  round. 
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the  risk   to  be  equal  out  and  home,  and  tantamount  to  the  several 
given  risks  ? 

1 00— 3X 1 00— 4X  i  00— f^X  1 00—6 

CASE  VI. 

When  a  given  sum  is  adventured  several  voyages  round,  as  in  the  last  case^ 
either  at  the  same,  or  diff-rent  risks,  from  port  to  port,  and  the  premium 
for  the  voyage  round  is  required,  tantamount  to  the  several  given  rates  per 
cent. 

Rule. 

1.  Find  the  sum  for  which  the  policy  must  be  taken,  by  the  last 
case. 

2.  Multiply  the  sum  adventured  by  100,  and  divide  that  produft 
by  the  policy. 

3.  Take  the  quotient  from  100,  and  the  remainder  will  be  the  pre- 
mium per  cent,  on  the  policy,  tantamount  to  the  several  premiums 
given  in  the  question* 

Example. 

A  merchant  adventured  D.  1500  from  Boston  to  Philadelphia,  at 
3  per  cent.  :  from  thence  to  Guadaloupe,  at  4  ;  from  thence  to  Nantz, 
at  5  ;  and  from  thence,  home,  at  6  per  cent.  :  What  will  be  the  pre- 
mium, tantamount  to  those  given  in  the  question,  on  a  policy  for  cov- 
ering the  first  adventure,  the  voyage,  supposing  the  risks  out  and 
home  equal  ? 

In  case  5,  we  found  the  policy,  which  would  cover  the  adventure 

I.OOOXIOO 

the  voyage  round,  to  be  D.  1803*835.     Then,  100 = 

1803-835 
16'84'4=the  premium  per  cent,  on  the  policy  the  voyage  round,  and 
tantamount  to  the  several  given  premiums. 

CASE  VII. 
If  a  policy  be  taken  out  for  a  given  sum,  to  cover  a  certain  adventure,  from 
one  port  to  another,  on  to  several  ports,  at  equal  premiums  from  one  place 
to  the  other,  to  find  what  that  equal  premium  is. 

Rule. 

1.  Involve  100  to  that  power  denoted  by  the  number  of  risk-^. 
and  multiply  this  power  by  the  sum  adventured,  (or  covered.) 

2.  Divide  the  last  product  by  the  policy. 

3.  Extraa  that  root  of  the  quotient  denoted  by  the  number  of 
risks. 

4.  Take  this  root  from  100,  and  the  remainder  will  be  the  equal 
premium  from  one  port  to  tlie  other. 

Example. 
A  merchant  adventured   15001).   from    Boston  to    Philadclpliia, 
ihence  to  Guadaloupe,  thence  to  Nantz,  and  thence  home  j  to  cover 

which 
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which  all  round  he  took  out  a  policy  for  1803'835D.  ;  and  the  premi- 
um wds  equal  from  one  place  to  the  other  i  what  was  the  premium 
per  cent  ? 

4  100X100X100X100X1500 

100 — v^ =a4'507  per  cent.  Answer 

1803-835 

CASE   VIII. 
IVhcn  an  adventure  is  insured  out  and  home  at  one  risky  at   a  given   rate  per 

cent,  and  the  voyage  terminates  short  of  ivhat  ivas  atjirst  intended  :  Tojind 

nvhat  the  undcr-zuriter  ?nust  receive  per  cent. 

Rule. — l.lf  just  half  the  voyage  is  performed.  It  must  be  consider- 
ed as  tivo  equal  risks  :  If  one  third,  then,  as  three  equal  risks  ;  if  but 
one  fourth,  then,  -Jihjour  risks,  and  so  on  ;  and  by  Case  2d  must  be 
found  the  amount  which  will  cover  the  adventure   the  voyage  lound. 

2.  Involve  100  to  that  power  denoted  by  the  number  of  risks,  and 
multiply  this  power  by  the  sum  adventured. 

3.  Divide  this  produ(51:  by  the  aforesaid  amount. 

4.  Extratfl  [hat  root  of  the  quotient  denoted  by  the  number  of  risks. 

5.  Trike  this  root  from  100,  and  the  remainder  will  be  the  suni 
per  cent,  which  the  underwriter  must  receive. 

Example. 

A  merchant  covers  200D.  at  6  per  cent,  from  Newbury-Port  to  the 
West-Indies  and  home  again  ;  but  the    voyage    terminating    in  the 
West-indies,  what  must  the  insurer  receive  per  cent.  I 
100 

6 

94-  :  100  ::  200':  212-765957=aq30vmt  to  cover  200D.  voyage  round. 

2000000 

100X100X200=2000000  and =9400 

212-7fj59.>7 

and  1 00 — v^94()0=3*04;65  to  be  paid  the  Insurer  per  cent,  upon  the 
above  amount. 
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IS  that  which  arises  from  the  interest  being  added  to  the  principal, 
and  (continuing  in  the  hands  of  the  borrower)  becoming  part  of  the 
principal,  at  the  end  of  each  stated  time  of  payment. 
Method    I. 
Rule.* 
Find  the  amount  of  the  given  principal,  for  the  time  of  the  first  pay- 
ment, by  Simple  Interest  ;  next,  find  the  interest  of  that  sum,  or  prin- 
cipal, 

*  It  may  be  obferved  that  all  the  comp^ations,  relating  to  Compound  Interefl, 
are  founded  upon  a  feries  of  terms,  increafihg  in  Geometrical  Progreffion,  wherein 
the  number  of  years  aihgns  the  index  of  the  laft  and  higheft  term  :  Therefore,  as 
one  pound  is  to  the  amount  of  one  pound,  for  any  given  time,  fo  rs  any  propofed 
principal,  or  fura,  to  its  amount  for  the  fame  time. 


COMPOUND  INTEREST. 


271 


oipaal,  and  add  it  as  before,  and  thus  proceed  for  any  number  of  years, 
still  accounting  the  last  amount  as  the  principal  for  the  next  payment. 
The  given  principal  being  subtraded  from  the  last  amount,  the  re- 
mainder will  be  the  compound  interest. 

In  federal  money ^  multiply  the  principal  by  the  rate  for  the  first  time 
of  payment,  setting  the  produd  two  places  more  to  the  right  than  the 
multiplicand,  and  the  decimal  point  in  the  produ<5l  under  that  in  the 
multiplicand  ;  then  find  the  amount,  and  proceed  as  above. 

Note.  It  is  not  usually  necessary  to  carry  the  work  beyond  mills  ; 
therefore,  when  the  figure  next  beyond  mills,  at  the  right,  exceeds  5, 
increase  the  number  of  mills  I  ;  when  it  does  not  exceed  5,  it  may  be 
omitted.     The  result  will  be  exa<5l  enough  for  common  purposes. 

Examples. 
.480  7  amount  to  in  5  years,  at  6  per  cent  per 
600  \  annum?  £, 

Principal  for  the  1st.  year  480     0 
Interest  of  ditto    28   16 


1.    What  will 


Principal  480 
Rate  of  interest    6 


r  /:.480  \ 

ID.ieooj 


28|80 
20 


Princip;al  for  the  2d.  year  508 


16 
6 


16|00 

£.  s.  d. 

Prin.  for  the  2d.  year  508  16  0 

Interest  for  ditto    30  10  65 


30|52   16 
20 


Prin.  for  the  3d,  year  539     6  Q\ 

6 


32|35  19  3 

20  .                       2!88 

Principal  for  the  3d.  year  ^.539     6  6^ 

7119  Interest  for  ditto      32     12^ 

Principal  for  the  4th.  year    571    13  81 

2131 

4 


« 


124  ^.  s.  d. 

£.     s.    d.    Prin.  for  the  4th.  year.  571    13  8^ 
prin.  for  the  4th.  year  571    13  8^  Interest  for  ditto.    34     6  oi 

6  '  1 

'■ Prin.  f©r  the  5th.  year.  605   19  9 

34130  2  4i  6 


20 

6|02 
12 

012^ 
4 

iTiI 


36135   18  6 
20 

7|18 
12 


2122 


Prin. 
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£'    s.    d. 

Principal  for  the  5th  year  605   19     9 
Interest  for  ditto.      36     7     2 


Amount  for  5  years  642     6   1 1 
Subtradt  the  first  principal  480     0     0 

Compound  interest  for  5  years  1 62     6  11 
In  federal  moneys  thus  :    . 

D. 

Principal  for  the    1st.  year  1600* 


Rate  of  interest 
Interest  1st  year 
Amount  1st.  and  prin.  2d.  year 

Interest  2d.  year 
Amount  2d.  year,  prin.  3d. 

Interest  3d.  year 
Amount  3d.  principal  4th. 

Interest  4th.  year 
Amount  4th.  principal  5th.  year 

Interest  5th.  year 

Amount  for  5  years 
Subtrafl:  1st.  principal 

Compound  Interest  for  5  years  = 

Or,  thus  i 

D. 

1st.  principal  1600" 


96-00 


1696- 

.  6 

101-76 

1797-76 

6 

107-8656 

1905-6256 

a 

114-337536 

2019-963136 

6 

121-19778816 

• 

2141-16092416 

1600- 

541-16092416 


Interest 


96-00 


2d.  principal  1696* 


Interest         101-76 


Interest, 
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Interest 

D. 

101-76 

3d.  principal 

1797-76 
6 

Interest 

107-866 

4th.  principal 

1905-626 
6 

Interest 

114-338 

5th.  principal 

2019-964 
6 

Interest 

121-198 

Amount 
1st.  principal 

2141-162 
1600- 

Compound  Interest     54 1  - 1 62  nearly,  as  before. 

2.  What  is  the  compound  interest  of  D.740  for  6  years,  at  4  pet 
efent.  per  annum  ?  Ans.  D.I 96  33c.  6m. 

3.  What  will  400l.  amouat  to  in  5  years,  at  41.  per  cent,  per  an- 
num ?  Ans.>C.486  13s.  S^d. 

A    Txru  .     -11    r^-  1501  amount  to  in  a  year,  at  2  per  cent,  per 

4.  Whatw.ll  |jj_3„J      month?  /       f £.  I9b     45.  5d. 

*•  ••  ^"'-  tD.634  12c.   im. 

Method  II. 

When  the  rate  is  at  5 per  cent,  per  annum* 

1.  Divide  the  principal  by  20,  and  this  quotient,  added  to  the  prin- 
cipal, will  be  the  amount  for  the  first  year,  and  the  principal  for  the 
second. 

2.  In  like  manner  find  the  amount  for  every  succeeding  year. 

When  the  rate  is  at  6  per  cent,  per  annum, 

1,  Divide  the  principal  by  20,  and  that  quotient  by  5  :  these  quo- 
tients, added  to  the  principal,  will  be  the  amount  for  the  first  year, 
and  the  principal  for  the  second.  ^ 

2.  In  like  manner  obtain  the  amount  for  every  succeeding  year. 

£XAMPL8S. 

2...L 
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Examples. 


1 .  What  is  the  amount  of  4801. 
at  6  per  cent,  per  annum,  for  5 
years  ? 
20;i480 
5)  24 
4   16 


ditto  of  2d. 


20^508 

16 

amo 

5)  25 

8 

9i 

5 

1 

9 

20)539 

6 

6i 

5)  26 

19 

3| 

5 

T 

loi 

20)571 

13 

8i 

6)  28 

II 

85 

5 

14 

4 

20)605 

19 

8| 

5)  30 

5 

111 

6 

1 

2i 

£.642     6 


ditto  of  8d. 


ditto  of  4th. 


do.  of  5th.  Ans. 


2.  Of  the  same  sum  at  5  per 
cent,  per  annum,  for  5  years. 

20)480 
24 

20)504  amount  of  1st  year, 

25     4 


20)529     4  ditto  of  2d. 

26     9     2^ 


20)555    13     11 


27    15     ll 


)5S3 
29 


1 0     ditto  of  4th. 
*5i 


^612  12     3i  do.  of  5th.  AnS. 


Nole^  The  same  may  be  done  in 
federal  money,  but  the  first  method 
is  generally  more  easy. 
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A  Table  of  the  Amijunt  of  j(^,  1  or  1 D.  at  \per  cent,  per  month,  as  pradiised 

at  the  Banks. 


Monihs. 

i, .  or  D. 
Dec.  pts. 

Months. 

/,.orD. 
Dec.  pts. 

Months. 

...  or  D. 
Dec.  pts. 

1 
2 
3 
4 

1-005 
1-01 
i-015 
1-02 

5 
f> 

7 
8 

1-025 
1-03 
1-035 
1-04. 

9 
10 
11 
12 

1-04O. 
105 
1-055 
1-06 

A  Table  of  the  Amount  of  £A    or  D.l  from 
cent,  per  annum. 


Day  ^0  31  Doys,  at  Q  per 


Days. 

^f.orD 
Dec.  parts. 

Days. 

/:.orD. 
Dec.  parts. 

Days. 

£.  or  D. 
Dec.  parts. 

1' 

1-00016 

12 

1-00197 

22 

1-00361 

2 

1-00032 

13 

1-00213 

23 

1-00378 

3 

1-00049 

14 

J-;i023 

24 

1-00394 

4 

1-00065 

15 

1-00246 

25 

1-0041 

5 

1-00082 

16 

1-00263 

26 

1-00427 

6 

1-00098 

17 

1-00279 

27 

1-00443 

7 

I4OOI 15 

18 

1-00295 

28 

!«;046 

8 

1-00131 

19 

1*003 12 

29 

1-00476 

9 

1-00147 

20 

1-00328 

30 

1-00493 

10 

1-00164 

21 

1-00345 

31 

1-00509 

11 

1-00180 
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CASE  I.* 

When  the  principal,  the  rate  of  Interest^  and  time,  are  given,  to  Jlnd  elthsr 
the  amount  or  Interest, 
Rule. 
1,  Find  the  amount  of  £,\  or  DU  for  one  year  at  the  given  rate 
per  cent. 

2    Involve  the  amount,  thus  found,  to  such  power,  as  is  denoted 
by   the  number  of  years  ;  or,  in  Table  1,  at  the  end  of  Annuities, 

under 

*  Let  >-  =  amount  of  11.  for  1  year,  and /  =  principal,  or  given  fum;  then, 

2  3 

fince  r  is  the  amount  of  ll.  for  1  year,  r    will  be  its  amount  for  2  years,  r  for  S 

2 
years,  and  fo  on  ;  therefore,  it  will  be  as  1  :  »• ::  r  :  r     =  amount  for  the  fecood 

2       3 
year,  or  principal  for  the  third :    Again,  as  1  :  r  ;:  r     :  r     =  amount    for   the 

third  year,  or   principal  for    the  fourth,  &c.  to  any  number  of  years.     And,  if 

the  time  or  number  of  years  be  denoted  by  /,  the  amount  of  ll.  for  /  years,  will 

be   r   ;  from  hence  it  will  appear  that  the  amount  of  any  other  principal  fum  p 

for  t  years,  is  pr  ;  for,  as   \  \  r* :: p  :  pr  ,  the  fame  as  in  the  rule. 

If  the  rate  of  intereft  be  determined  to  any  other  time  than  a  year,  as  ^,  4,  &e. 
the  rule  is  the  fame,  and  then  t  will  reprefent  that  ftated  time. 

f'r  =  amount  of  ll.  for  1  year,  at  the  given  rate  per  cent. 
p  =  principal,  or  fum  put  out  at  mterefl:. 
i  =  intereft. 
t  =  time. 
/»=  amount  for  tlie  time  t. 
Then  the  following  Theorems  will  exhibit  the  folution*  of  all  the  cafes  is  com- 
pound interest. 


t  frf:=m.         U.prt^s=l.         III.  — =/>.         IV.  — 

/  /- 

The  moft  convenient  way  of  giving  the  Theorems,  efpccially  that  for  the  time, 
will  be  by  Logarithms,  as  follows  : 

—  Ljri'—'L.p. 

1.  f^Log.r-\-Log.p—Log.tn.     tl.  Log.  ta — tXt.rscL.p.     III.  = /. 

Lan—L.p  -  L.r 

IV. «=  L^. 

t 
If  the  compound  intereft,  or  amount  of  any  fum,  be  required  for  the  parts  of 
a  year,  it  may  be  determined  as  follows : 

I.   W  can  the  time  's  an  aliquot  part  of  a  year. 
Ruj.E. — 1.  Find  the  amount  of  ll.  for  1  year,  as  before,  and  that  root  of  it,  which 
is  denoted  by  the  aliquot  part,  will  be  the  amount  of  ll.  for  the  time  fought. 

2.  Multiply  the  amount,  thus  found,  by  the  principal,  and  it  will  be  the  amount 
of  the  given  fum  required. 

II.   Wbm  the  time  is  not  an  aliquot  part  •f  a  year. 
Rule. — 1.  Reduce  the  time  into  days,  and  the  365th  root  of  the  amount  of  IL 
for  1  year  is  the  amoxnit  for  1  day. 

2.  Raife  this  amount  to  that  power,  whofc  index  is  equal  to  the  number  of  days, 
and  it  will  be  the  amount  of  ll.  for  the  giren  time. 

3.  Multiply  this  amount  by  the  j)rincipal,  and  it  will  be  the  amount  of  tiie 
given  fum  required. 

I'o  avoid  cxtravTling  very  high  roots,  the  fame  may  be  done  by  logarithms,  thus  : 
Divide  the  logarithm  of  the  rate,  or  amount  of  ll.  for  I  year,  bv  the  denomina- 
tor of  the  given  aliquot  part,  a»d  the  quotietit  will  be  the  logantfun  of  the  root 
fought. 
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tinder  the  rate,  and  against  the  given  number  of  years,  you  will 
find  the  power.* 

3  Multiply  this  po^er  by  the  principal,  or  given  sum,  and  the 
produd  will  be  the  amount  required,  from  which,  if  you  subtradi: 
the  principal,  the  remainder  will  be  the  interest. 

Examples. 
1.  What  is  the  compound  interest  of  6OOI.  for  4  years,  at  6  per 
tent,  per  annum  ? 

I '06—  J^"^^^^^  0^  11'  ^^^  ^  year,  at  6  per  cent. 
Multiply  by  l-oe"!  per  annum. 

M 23 6=2d  power. 
Multiply  by  M236 


l'26247696=4th  power. 
Multiply  by  600=principal. 


757-4861 7600=amount. 
Subtraft  600 


I57-486176=;f.I57  9s.  8id.=interest  required. 
By  Table  I. 
Tabular  amount  of  ll.  for  4  years,  at  6  per  cent,  per  ann.=l*2624769 

Multiply  by  the  principal=  600 

Amount  =  757-4861400 

2.  What  is  the  amount  of  D.1500  for  12  years,  at  3^  per  cent, 
per  annum  ? 

D.l-035=amount  of  D.l   for  1  year  at  3 J  per  cent,  per  annum. 

And,   I-035*^X  1500  =  D.2266  60c.  nearly,  Ans. 

Another  method  of  working  compound  interest  for  years,  months, 
and  daysy  which  is  much  more  concise  than  the  preceding  method. 

Rule. 
To  the  logarithm  of  the  principal,  found  in  any  Table  of  loga- 
rithms, add  the  several  logarithms,  answering  to  the  number  of  years, 
months  and  days  found  in  the  following  tables,  and  their  sum  will  be 
the  logarithm  of  the  amount  for  the  given  time,  which  being  found  in 
any  table  of  logarithms,  the  natural  number  corresponding  thereto  will 
be  the  answer,  f  Logarithmic k 

'*  The  jHHOunts  of  £.1  or  D.l  in  this  table,  are  fo  many  powers  of  the  amount 
of  j^.l  or  IXl  for  1  year  ;  whofe  indices  are  denoted  by  the  number  of  years. 

Note.  When  the  given  time  confifts  of  years  and  months,  or  years,  months,  and 
days ;  firft  feek  the  amount  of  ;^.l  or  D.l  in  the  table  of  years,  then  in  the  ta- 
ble of  months,  &c.  multiply  thefe  feveral  amounts  and  the  principal  continually 
together,  and  the  laft  produdt  will  be  the  amount  required. 

Thus,  if  the  amount  of  i^.480  in  5^  years,  at  6  per  cent  per  annum,  were  re- 
quired ;  the  amount  of  £.\  for  5  years=>C-l'33822,  ditto  for  6  months=:)^.l-0295e 
Now,   1-33822  XI  •02956X480=^^.66 1-2341  Anfwer. 

f  Although  there  is  a  fmall  errour  in  the  logarithm  for  days,  yet  they  are  exadt 
enough  for  common  ufe.     And  if  after  the  firft  month  you  dedu<a  •§  per  cent,  for 

eaclx 
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Logarlthm'tck   Tables, /7/    i^  per  Cent,  per   Annum.,  for    Tears.,    Months 

and  Days. 


Years. 

Dec.  pts. 

Y.|  Dec.  pts.  1  Y.|  Dec.  pts. 

lY.lDec.  pts. 

Months,|  Dec.  pts.  | 

1 

•025  S06 

11 

•278366 

21 

■o-6\A'lQ 

31 

•784586 

1 

•002166 

2 

•050612 

12 

•303672 

22 

'5561S2 

32 

•809792 

2  • 

■004321 

3 

•075918 

13 

•328978 

23 

•582038 

33 

•835098 

3 

•O06466 

4 

•101224 

14 

•354284 

24 

•607344 

34 

•860404 

4 

•0086 

5 

•12653 

15 

•37969 

25 

•63265 

35 

•88571 

5 

•010724 

6 

•151836 

16 

•404896 

26 

•657956 

36 

•911016 

6 

•012837 

7 

•177142 

17 

•430202 

27 

•683262 

37 

•936322 

7 

•014!;4 

8 

•202448 

18 

•455508 

28 

•708568 

38 

•961628. 

8 

•0170.33 

9 

•227754 

l"9 

♦480814 

29 

•733974 

39 

•9869.34 

9 

•019116 

10 

•25306 

20 

•50612 

30 

•75938 

40 

1^01224 

10 
11 

•021 18Q 
•023252 

Days.  1 

d: 

(        ID. 

D.! 

D. 

1 

•000071 

8 

•000571 

14 

•000999 

20 

■001426 

26 

•001852 

2 

•000143 

9 

•000642 

15 

•00107 

21 

•001497 

27 

•001923 

3 

•000215 

10 

•000713 

16 

•001142 

22 

•001568 

28 

•001994 

4 

•000287 

11 

•000785 

17 

•001213 

23 

•001639 

29 

•002065 

5 

•000358 

12 

•000857 

18 

•001284 

24 

•00171 

30 

•002136 

6 

•000429 

13 

•000928  Il9 

•001355 

25 

•001781 

31 

•002207 

7 

•0005 

1 

What    is  ihe  amount  of  IS21.  10s.  at  6  percent,  per  annum,  for 
9  years,  8  months,  and  15- days  ? 

To  the  log.  of  ;^.  1 32-5  =  2- 1 222 1 6 
r  Log.  for  9  years  =    -227754 
Add  "J  ditto  for  8  months  =    -017033 
(.ditto for  15  days    =    -00107 


Because  8  months  are  past,  deducfl  4>1 


2-368073 
=    -0000428 


per  cent,  upon  the  logarithm  of  1 5  days  J 

Remains  2-3680302,  the  nearest 
to  which,  in  the  table  of  logarithms,  is  2.368101,  and  the  natural 
number  answering  thereto  is  233-4=/,'. 233  8s.  Ans. 

CASE  IL 
When  the  amount,  rate  and  time,  are  given,  tojlnd  the  principal. 
Rule. 
Divide  the  amount  by  the  amount  of  C-l  or  D.I   for  the  givem 
time,  and  the  quotient  will  be  the  principal. 

Or,  If  you  multiply  the  present  value  o^ £ .\  or  Dl  for  the  given 
number  of  years,  at  the  given  rate  per  cent,  by  the  amount,  the  pro- 
du<5l  will  be  the  principal,  or  present  worth.*  Examples. 

each  month  part  (that  is,  ^  per  cent,  after  1  month,  1^  per  cent,   after   3    months, 
&c,)  from  the  logarithm  of  the  number  of  days,  it  will  give  the  true  anfwer. 

Note,  That,  after  1  month,  \  per  cent,  on  the  logarithm  of  1  day  is  •(X>0(HX>r.55, 
on  2  days,  is  ^0000007 15  :  After  2  months,  1  per  cent,  on  the  logarithm  of  1  day, 
is  00001)071,  on  2  days,  -00000143  :  After  10  months,  5  per  cent,  on  the  logarithm 
for  1  day,  is  -00000355,  on  6  days,  is,  •(XXX)21 45,  &c. 

*  See  Table  IF.  fliewing  the  prefcnt  value  of  1 1,  dilcounting  at  the  rates  of  4,4}, 
&c.  per  cent,  the  conftnuilion  of  which  is  thus: 
Amount.  Prcs.  worth.  Amount.  Tres.  worth. 

As  1-06      :       1  1       :      •9433962,  ajid  fo  on,  for  any  other  rate  per 

cent,  and  rinio 
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Examples. 

1.  "Uniat  is  the  present  worth  of  7571.  9s.  S\d.  due  4  years  hence, 
discounting  at  the  rate  of  61.  per  cent,  per  annum  ? 

By  Tale  I. 

am^iLfofl  fo^  fS}  =>-^6^^^69)T5,.486HO0(r.600  A„s. 

By  Table  II. 

,  Amount=757-48614 


Mult,  by  the  present  worth  of  11.  j^       .  _        .^^  20936 


for  4  years,  at  6  per.  cent,  per  ann. 

Ans.  599-999923582704+=:^. 600 
2.  What  principal  must  be  put  to  Interest  6  years,  at  5\  per  cent. 
per  annum,  to  amount  to  D.689-4214033809453125  I  Ans.  D.500. 

CASE  III. 
Whtn  the prtne'tpalf  rate  and  amount,  are  given,  tojind  the  time. 
Rule. 
Divide  the  amount  by  the  principal ;    then  divide  this  quotient  by 
the  amount  of  ^.  1  or  D.  I  for  1  year,  this  quotient  by  the  same,  till 
nothing  remain,  and  the  number  of  the  divisions  will  show  the  time. 
Or,  Divide  the  amount  by  the  principal,  and  the  quotient  will  be 
the  amount  of  £,  1  or  D.  1  for  the  given  time,  which  seek  under  the 
given  rate  in  table  1 ,  and,  in  a  line  with  it,  you  will  see  the  time. 

Example. 

In  what  time  will  D.500  amount  to  D.689  42c.  lm.+,  at  5i  per 
cent,  per  annum  ? 


500 

689-421  + 

1-055 

1-379— 

1-055 

1-307— 

1-055 

1-239— 

1-055 

1-174  + 

1-055 

1-113— 

1-055 

1-053  + 

1  — 

Ans.  6  years. 

CASE  IV. 

When  the  principal,   amount  and  time,  are  given,  to  find  the  rate  per  cent. 

Rule. 

Divide  the  amount  by  the  principal,  and  the  quotient  will  be  the 
amount  of  ll.  or  ID.  for  the  given  time  ;  then,  extra<5l  such  root  as 
the  time  denotes,  and  that  root  will  be  the  amount  of  II.  or  D.  for  1 
year,  from  which  subtrad  unity,  and  the  remainder  will  be  the  ratio. 

Or,  Having  found  the  amount  of  11.  or  D.  for  the  time  as  above 
direded,  look  for  it  in  Table  1st.  ^en  with  the  given  time,  and  direft- 
ly  over  the  amount  you  will  find  the  ratio. 

Example. 
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Example. 
At   what    rate   per    cent,  per  annum     will   D.500  amount   t© 
D-689-4'21403-h  in  6  years  ? 
689-421403+ 

=  1-378843  —  ;  and  ^^  1-378843  —•  =  !  -055.     Thea 

500 
1«055 — r  ='055=ratio.     Hence  the  rate  is   5^   per  cent,  per  an- 
num, Answer. 

DISCOUNT  BT  COMPOUND  INTEREST* 

The  suntt  or  cltbt  to  be   discounted^    the  time    and  rate^   given,  to  Jind  the 
present  worth. 

Rule.  Divide  the  debt  by  that  power  of  the  amount  of  11.  or  D. 
for  1  year,  denoted  by  the  time,  and  the  quotient  will  be  the  present 
worth,  which,  subtraded  from  the  debt,  will  leave  the  discount. 

Examples. 
1.  What  is  the  present  worth,  and  discount,  of  6001.  due  3   years 
hence,  at  61,  per  cent,  per  annum,  compound  interest  ? 

Divide  by   foeif =1-19101  )60O-0O0O0(503-7741  = /•.503  15s.  5|d. 
present  worth,  and  ^^.600— ^.503  15  5i=£.i)Q  4s.  6^d.  =  discount. 
600  600 

Or, =^.503-7741,  and  600 =£.9^-2259 

M9101  1-19101 

By  Tahle  II. 
In  this  Table,  corresponding  to  the  time  and  rate,  we  have 

•^9619=present  worth  of  11.  for  the  time  and  rate. 
Multiply  by         600=debt,  or  principal. 


503-77 1 400=present  worth  of  the  debt. 
2.  What  is  the  present  worth  of  ^V2\.  10s.  due  2  years  hence,  at  4^ 
per  cent,  per  annum,  compound  interest  ? 

Answer,  ^^.286  3s.  3d.  2-97qrs. 
3.  What 

*  Let  OT=fum,  or  debt,  to  be  difcounted,  and  the  other  letters  as  before :  Them 
ihe  following  Theorems  will  show  all  the  cafes  in  Difcount  by  Compoui^d  Intereft. 
m  t  m      t 

I.  — ==/>•     II.  pr  ^=-m.     III.  — =r   which    being   continually    divided  by  r,   till 
r  P 

nothing  remain,  the  number  of  thefe  divifions  will  be  equal  to  t. 
'    m       t 
IV.  — =r  which  being  extra(Slcd,  (the  time,  given  in  the  queftion,  fliowing  the 

P 

power)  will  be  equal  to  r. 

AW,  Cafe  2d.  may  be  wrought  by  Table  l,thus  :  Find  that  power  of  ll.  for 
I  y^ ar,  denoted  by  tne  time  ;  multiply  the  prefcnt  worth  by  it,  and  the  product 
wii:  be  ihe  anfwer. 

Or,  by  Table  2d.  thus:  Find  the  prefcnt  worth  of  ll.  for  the  giifen  time,  by 
which  divide  the  prefent  wortWand  the  quotient  will  be  tho  debt  o.  principid. 

Cafe  ^}d.  thus;  Divide  the  urot  by  its  prefent  worthy- and  fcok  the  quotient  in 
Table  1,  under  the  given  rate,  and  in  the  I'no  with  it  you  will  fee  ilie  time. 

Cafe  'kli.  is  wrought  in  the  fame  maaner,  only,  feek  the  quotient  iu  a  line  witk 
the  time,  it  will  fliaw  the  rate  atup. 
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3.  What  ready  money  will  discharge  a  debt  of  lOOOD.  due  4  years 
hence,  at  5D.  per  cent,  per  annum,  compound  interest  ? 

Answer,  822D.  70c.  2m. 

ANNUITIES    OR    PENSIONS,    IN  ARREARS,    AT  COM- 
POUND INTEREST. 
CASE  1. 

When  the  annuity,  or  pension,  the  time  it  continues,  and  the   rate  per    cent  are 
given,  tojind  the  amount. 
Rule.* — 1.  Make  1  the  first  term  of  a  Geometrical  Progression, 
and  the  amount  of  U.  or  D.  for  1  year  at  the  given  rate  per  cent,  the 
ratio. 

2.  Carry  the  series  to  so  many  terms  as  the  number  of  years,  and 
jfind  its  sum. 

3.  Multiply  the  sum  thus  found  by  the  given  annuity,  and  the  pro- 
dudtwill  be  the  amount  sought. 

Or,  multiply  the  amount  of  ;^.I  or  D.l  for  1  year  into  itself  so 
many  times  as  there  are  years  less  by  1  ;  then  multiply  this  produd 
by  the  annuity  ;  and  subtrad  the  annuity  therefrom.  Lastly,  divide 
the  remainder  by  the  ratio  less  1,  and  the  quotient  will  be  the  amount.- 

EXAMPLES. 

*  It  is  plain  that  upon  the  firfl;  year's  annuity  there  will  be  due  fo  many  years' 
compound  intereft,  as  the  given  number  of  years  lefs  1,  and  gradually  one  year  lefs, 
upon  every  fucceeding  year,  to  that  preceding  the  laft,  which  has  but  one  year's 
intereft,  and  the  Idft  bears  none. 

Let  r=rate,  or  amount  of  U,  for  1  year,  then  the  feries  of  amounts  of  ll.  annu- 
ity for  feveral  years,  from  the  firft  to  the  lall,  is  1,  r,  r  ,  r  ,&c.  to  r  — 1  ;  and  the 

t 
fum  of  this,  according  to  the  rule  in  Geometrical  Progreflion,  will  be  ^~\    =<  a- 

r~\ 
Hiountof  ll.annuity  for^  years.  And  all  annuities  are  proportional  to  their  amounts; 

r— 1  r^—\ 

therefore,  1  :  ::  n  : X  'i  =^  amount  of  any  given  annuity  n.  ■ 

r — 1  r — 1 

Let  r=rate,  or  amount  of  ll.  for  1  year,  and  the  other   letters  as   before,   then 

r  — 1                                 ar — a 
X  «  =  «>  ^"d =  n 

r'-l 

And  from  thefe  equations,  all  the  cafes  relating  to  annuities  or  penlions  in  ar- 
rears, may  be  conveniently  exhibited  in  logarithmick  terms,  thus  : 

I.  Lm  -fZ./— 1   -f-  L.r—lz=LM. 

II.  L.a—L.r—l  4-  L.r—l=L.n. 


Ljxr — a-\-n — L,n  ar 

in.    , =/.   IV.  / 1=, 


Or  thus,  L  ■ 


L.r 

ir^ — ft 

r— 1 


■vthich  continually  divided  by  r  till  nothing  remain,  the  number  of  thofe  divifion© 
will  be  equal  to  / :  Or,  being  extraded,  (the  given  time  {hewing  the  power)  wilJ 
fee  equal  to  r. 
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Examples. 

1.  What  will  an  annuity  of  60l.  per   annum,  payable  yearly, 
-amount  to  in  4  years,  at  6l.  per  cent.  ? 

First  Method, 

l+l-06+l-06|    4-l'06|  =4-3T4616  =  sum. 

Multiply  by  60  =  annuity. 


262-476960 
20 


9-53920 
12 

6-4704 
4 


1-8816  Ans.  ;^.262  9s.  OJd. 


Or,   H-l-oe+l-Oel   +1-06]  X60  =  ;C.262  9s.  6^4. 
Second  Method, 


r06Xl'06Xl-06Xl-06=l -26247 

Multiply  by         60  annuity. 


75-74820 
Subtraft  60 


Divide  by  1-06— I«-06)15-7482(262-47«;f. 262  9s.  4^d.  Ans* 
12 

37 

14< 
12 

28 

42 

42 


1-06X1-06X1-06X1-1  GX60— 60 

Or, =  ^.262-4.7 

1-06—1 

Or, 
2...M 
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Or,  by  Table  III.* 

Multiply  the  tabular  number  under  the  rate,  and  opposite  to  the 
time,  by  the  annuity,  and  the  product  will  be  the  amount. 

2.  What  will  an  annity   of  60l.   per  annum  amount  to  in  20 
years,  allowing  61.  per  cent,  compound  interest  ? 

Under  61.  per  cent,   and  opposite  20,  in  table  3d.  you  will  find, 
Tabular  number  =  '66'7i^f)9 
,  Multiply  by  60  =  annuity. 


2207- 1 3540  =:;f. 2207  2s.  Sfd.  Ans. 

3.  What  will  a  pension  of  D.75  per  annum,  payable  yearly, 
amount  to  in  9  years  at  5  per  cent,  compound  interest  ? 

Ans.  D.826  99c.   2.^^m. 

4.  If  a  salary  of  lOOl.  per  annum,  to  be  paid  yearly,  be  forborne 
5  years,  at  61.  per  cent.    What  is  the  amount?     Ans.  ^..563  I4s.  2d. 

5.  What  will  wages  of  D. 25  per  month,  amount  to  in  a  year,  at  J 
per  cent,  per  month  ?  Ans.  D.308  38c.  9m. 

CASE     II. 
When  the  amount,  rate  per  cent,  and  time  are  given,  tojind  the  annuity,  pen' 

sion,  i^c. 

Rule. — Multiply  the  whole  amount  by  the  amount  of  11.  or  D.l 
for  a  year,  from  which  subtrad  the  whole  amount,  divide  the  remain- 
der by  that  power  of  the  amount  of  11.  or  D.l  for  a  year,  signified 
by  the  number  of  years,  made  less  by  unity,  and  the  quotient  will 
be  the  answer 

Or,  find  the  amount  of  an  annuity  of  11.  or  D.l  for  the  given  time 
and  rate  (by  Case  1 ;)  divide  the  given  sum  by  this  amount ;  and  the 
quotient  will  be  the  annuity  required. 

Examples. 

1.    What   annuity-,  being    forborne    4    years,   will   amount  *to 
;f  .262*47696,  at  61.  per  cent,  compound  interest  ? 
262-47696  =  amount. 
Multiply  by         1*06  =  amount  of  11.  for  1  year. 


157486176 
262476960 

60  Ans. 

1-06 
1-06 

278-2255776 
Subtraa  262-47696 

636 
1060 

•26247696)15-7486176(>C. 
15  7486176 

11236 
1-06 

0         Carried  over.     67416 

*  Table  3  Is  calculated  thus :  Take  the  firft  year's  amount,  which  is  ll.  multiply 
it  by  l-06+l=2-06=:fecond  year's  amount,  which  alfo  multiply  by  l-06+l=3-1836 
=third  year's  amouiit,  &c.  and  in  this  manner  proceed  in  calculatiog  tables  at  any 
other  rates. 
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Brought  over,     67416 
112360 


M91016 
262-47696X1-06— 262-47696  l-()6 

Or, =  60.  

i-06xl-06Xl-06xl'06— 1  7146096 

11910160 


1-26247696 
Subtraft  1- 


Divisor  =  -26247696 
Or,  thus. 

Amount  of  an  annuity  of  11.  for  4  years  at  6  per  cent,  per  annum 
262-47696 

=4-374616  (by  Case  1) ;  and =£-60  Ans. 

4-374616 
Or,  by  Table  III.  the  amount  of  11.  is  found  to  be  4-374616  ;  and 
the  answer  is  found,   as  before. 

2.    What   annuity,    being   forborne   20  years,   will   amount   to 
D.2207'1354,  at  6.  per  cent  compound  interest  ? 

Amount  of  an  annuity  of  D.l  for  20  years  at  6.  per  cent,  per  an- 
num =  36-78559-   And, 

36-78559)220713540(D.60,  Ans. 
2207-1354 


CASE  III. 
IFhen  the  annuity,  amount  and  ratio  are  given,  to  find  the  time. 

Rule. — Multiply  the  amount  by  the  ratio,  to  this  produ(5l  add  the 
annuity,  and  from  the  sum  subtrad  the  amount ;  this  remainder  be- 
ing divided  by  the  annuity,  the  quotient  will  be  that  power  of  the  ra- 
tio signified  by  the  time,  which  being  divided  by  the  amount  of  ll. 
for  1  year,  and  this  quotient  by  the  same,  till  nothing  remain,  the  num- 
ber of  those  divisions  will  be  equal  to  the  time.  Or,  look  for  this 
number  under  the  given  rate  in  table  1,  and  in  a  line  with  it,  you 
will  see  the  time.     Or, 

Divide  the  amount  by  the  annuity  ;  from  the  quotient  subtradl  1  ; 
from  the  remainder  subtrad  tlic  ratio  ;  from  successive  remainders 
subtraifl  the  square,  cube,  &c.  of  the  ratio,  till  nothing  remain  ;  and 
the  whole  number  of  the  subtra«5lions  will  be  the  answer.  Or,  find 
the  quotient  in  Table  III.  under  the  rate,  and  in  a  line  with  it  stands 
the  answer. 

Examples. 

« I  what  time  will  601.  per  annum,  payable  yearly,  amount  to 
7696,  allowing  61.  per  cent,  compound  interest,  for  the  for- 
bearance of  payment  F 

262- 
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26247696  =  amount. 
Multiply  bj  1  -06  =  ratio. 


157486176 
262476960 


278  2255776 
Add     60-  =  annuity.  Or  thus : 

Annuity  =  60)  262- 4-7696  =  amount. 

338-2255776  . 

Subtraa  262-47696  4-874616 


Divide  by  60)75-7486176 


1.  Subtradt  1- 


3-374616 


Divide  by  1-06)  1-26247696  2.  Subtraft  1-06         =  ratio. 


Divide  by  1-06)1-191016  2-314616 


Divide  by  1-06)1-1236 


3.  Subtraa  M236     =  ratio. 


1-191016 


Divide  by  1-06)  106  4.  Subtrasft   1-191016  =  ratioP 


1     Ans.  4  years.      

The  number  of  divisions  by  Or,  looking  into  Table  IIL  un- 
l-(*6,  being  4,  gives  the  num-  der  the  rate,  6,  the  quotient, 
ber  of  yeajs  =r:4,  the  answer.         4*374616,  stands  against  4  years, 

Ans.  as  before. 
Or,  in  Table  I   under  the  given  rate,  you  will  find  1-262476,  and 
in  a  line,  under  years,  you  will  find  4. 

2.  In  what  time  will  an  annuity  of  D-60  payable  yearly,  amount 
to  D.22071354,  allowing  6  percent,  for  the  forbearance  of  pay- 
ment ?  Ans.  20  years. 

PRESENT  IVQRTH  OF  ANNUITIES,  t^c.  AT  COMPOUND 

INTEREST. 

CASE  I. 

When  the  annuity  y  Iffc.  rate  and  thne  are  given f  to  Jind  the  present  worth. 

Rule.*  -1.  Divide  the  annuity  by  the  ratio,  or  the  amount  of  D.I 

or  £  I  for  1  year,  and  the  quotient  will  be  the  present  worth  of  1 

year's  annuity. 

2.  Divide  the  annuity  by  the  square  of  the  ratio,  and  the  quotient 
will  be  tlie  present  worth  for  two  years. 

3.  In 

*  Let  /=  prefent  worth  of  the  annuity,  and  the  other  letters  as  before  :  Then^ 


n  X  —^ =/.     And/  X ~n. 

/-I 

And 


/-f  1       t 
— .y 
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3.  In  like  manner,  find  the  present  worth  of  each  year  by  itself, 
and  the  sum  of  all  these  will  be  the  present  value  of  the  annuity, 
sought. 

Or,  divide  the  annuity,  &c.  by  that  power  of  the  ratio  signified  by 
the  number  of  years,  and  subtiad  the  quotient  from  the  annuity  ; 
this  remainder  being  divided  by  the  ratio  less  J,  the  quotient  will  be 
the  present  worth. 

Examples. 

I.*  What  ready  money  will  purchase  an  annuity  of  601.  to  contin- 
ue 4  years,  at  61.  per  cent,  compound  mterest  ? 

First  Method. 
Ratio  =  l'06)60-00000  56-603  =present  worth  for  1  year. 

Ratioj  =  M236)60-00000^53-399=  do.  for  2  years. 

Ratioj  =      M91016j60'00000(50-377=  do.  for  3  years. 

Ratioj  =  I-26247696)60-00000(47-525  =  do,         for  4  years. 

207-904=:^.207    18s.   O^d.  Ans. 

Second 

And  from  thefe  Theorems,  all  the  cafes,  where  the  purchafe  of  annuities  is  ccm- 
Cfirned,  may  be  exhibited  in  logarithmick  terms,  as  follows: 

1 

I.  Xj7+Z.1 Z.r— 1  —L.p. 

t 

r 

II.  L.p+L.r—l  —Z.I =  n. 

t 

L.n — L.ti  -\-p — pr 

III. =  t. 

L.r 


r  pr  Xr—pr  n 

Or,  thus,  I.  —f.     II. =  «.     III. =»Mvhich  be- 

,— 1  ^^_j  p-Vn—pr 

ing  continually  divided  by  r  till  nothing  remain,  the  number  of  thofe  divilions  will 
be  equal  to  /. 

Let  t  exprefs  the  number  of  half  years,  or  quarters,  n  the  half  years,  or  quarter'* 
payment,  and  r  the  funi  of  11.  and  ^  or  ^  year's  intereft,  then  all  the  preceding  rule» 
will  be  applicable  to  half  yearly,  and  quarterly  payments, tlie  f;ime  as  towhole  yean. 

The  umoiiiit  of  an  annaity  may  alio  be  found  for  years  and  parts  a  of  year,  :hus  : 

1.  rind  the  amount  for  the  whole  years,  as  before. 

2.  Find  the  intereft  of  that  amount  for  the  given  parts  of  a  year. 

3.  Add  this  interert  to  the  former  account,  and  it  will  give  the  whole  amount 
required. 

The  prefcnt  -ivnrtb  of*  an  annuity  for  years  and  parts  of  a  year  may  be  found  thui : 

1.  Fmd  the  present  worth  for  the  whole  years,  ax  before. 

2.  lind  the  prcfent  worth  of  this  prefent  worth,  difcounring  for  the  givni 
parts  of  a  year,  and  it  will  be  the  whole  prefcnt  worth  reqiiiretl. 

*  Qucflioiifi  in  this  cafe  may  alio  be  anfwercd  by  full  (indinjf  the  amount  of  the 
given  annuity  by  Cafe  I.  of  annuities  in  arrc<rs,  paj-rc  VJ'O,  ,uid  then  ibc  prefent 
worth,  or  priniipal,  by  Cafe  11.  of  Compound  Intereft,  pa^je  278. 
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Second  Method* 
^^^hrrltio^^  I  =J*^6247696)60-0000000(4T-525 
From  60  gQ 
Subtraa  47-325     Or,  =-/*=47-525   60— -47-525=l 2-475 
-061  12-475 

Divis.  1-06— 1=-06)  12-475  And =207-916. 

-06 

2  07-9 1 6=^.207   18s.  3|d.  Ans. 
By  Table  III. 
Under  61.  per  cent,  and  opposite  4,  we  find 

4-37461  =  amount  of  U.  annuity  for  4  years. 
Multiply  by  60  =  anuity. 

262-47660  3=  amount  of  60l.  for  4  years. 
Then,  opposite  4  years,  and  under  6l.  per  cent,  in  Table  2d. 
We  have    -792093 
Multiply  by  262-7466 


4752558 
4752558 
3168372 
5544651 
1584186 
4752558 
1584186 

208-1 197426338  =;f. 208  2s.  4id. 
Or,  opposite  4  years,  and  under  6l.  per  cent,  in  Table  1st.  we  have 
1*26247  =the  amount  of  il.  for  4  years  : 

Then,  262-7466-^-1-26247  =208-1209  =;^.208  2s.  5d.  Ans. 
By  Table  IV.* 

Multiply  the  tabular  number,  under  the  rate,  and  opposite  the  time, 
into  the  annuity,  and  the  product  will  be  the  present  worth. 

Thus,  In  Example  1st.  What  ready  money  will  purchase   601.  an- 
nuity, fo  continue  4  years,  at  61.  per  cent,  compound  interest  ? 
Under  61.  per  cent,  and  even  with  4  years. 

We  have  3-4651  =  present  worth  11.  for  4?  years. 
Multiply  by         60  =  annuity. 


Ans.  =  207-9060=£.207  18s.  l^d. 
2.  What  is  the  present  worth  of  an  annuity  of  60D.  per  annum,  to 
continue  20  years,  at  6  per  cent,  compound  interest  ? 

Ans.  D.688-65  (nearly.) 
CASE 

*  Table  4th.  is  thus  made  :  Divide  ll.  by  l-06=-94339  the  prefent  worth  of  the 
firft  y^ar,  which,  divided  by  1-06,  is  equal  to  -88999,  which,  added  to  the  firfl  year's 
prefent  worth,  is  =  1-83339,  the  fecond  year's  prefent  worth,  then  -88999,  divided 
by  1-06,  and  the  quotient  added  to  1-83339,  gives  2-6701  for  the  third  year's  pref- 
ent worth,  &c. 
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CASE  II. 

When  the  present  ivorth,  time  and  rate  are  given,  tojindthe  annuity.,  renty  ^c. 
K.ULE. —  I.   From  that  power  of  the  ratio,  denoted  by  the  number 
of  years,  plus  1,  subtrad  that  power  of  it  denoted  by  the  number   of 
years. 

2.  Divide  the  remainder  by  that  power  of  the   ratio,   signified  by 
the  time  made  less  by  unity. 

3.  Multiply  the  present  worth  into  this  quotient,   and  the  produdt 
•will  be  the  annuity,  pension,  rent,  &c. 

Or,  1.  Multiply  that  power  of  the  ratio,  denoted  by  the  number  of 
years  plus  I,  by  the  present  worth. 

2.  Multiply  that  power  of  the  ratio,  denoted  by  the  time,   by  the 
present  worth,  and  subtract  this  produifl  from  the  former. 

3.  Divide  the  remainder  by  that  power  of  the  ratio,  denoted  by  the 
time  made  less  by  unity,  and  the  quotient  will  be  the  annuity. 

Examples. 
1.  What  annuity,  to  continue   4  years,  will  ;C.207'904  purchase^ 
compound  interest,  at  61.  per  cent.  ? 

First  Method. 

From  1-06  X  1-06  X  1-06  X  1-06  X  1-06  =  1-3382255776 
Subt.    1-06  X  1-06  X  1-06  X  1-06  =  1-2G247696 

Divide  by   1-06|  — 1  =-26247696)-0757486176(-2885893 
•288.5898 
Multiply  by         207' 9  present  worth. 


25973082 
20201286 
57717960 


Ans.  59-9978191-2=;C.60. 

*  Second  Method. 

From  1  -06x1  '06x1  -OGx  1  'OGx  1  •06x207-9=278-2 1 7097578 
Take  l-06xl-06Xl-06Xl-06x207-9|         =262-468959984 


Divide  by  1-06|  —1=-26247696)15-748137589( 59-998=601. 

By  Table  V.* 
Multiply  the  tabular  number,   corresponding  with   the   rate  an4 
lime,  by  the  purchase  money,  and  the  produd  will  be  the  annuity. 

Under 

•  Table  5th.  is  made  in  this  manner :  Divide  ll.  by  the  prefcnt  wortli  of  ll.  for  1 
year,  and  the  quotient  will  be  the  annuily,  which  ll.  will  purchafc  lor  1  year  :  di- 
vide 1 1,  by  the  prefcnt  worth  of  ll.  for  2  years, and  the  quotient  will  be  the  •nnu* 
ity,  which  IJL  will  pur  chafe  for  2  years,  ficc.  ^ 
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Under  61.  per  cent   and  opposite  4  years,  you  will  find 

•288.59- annuity  which  11.  will  purchase  in  4  years. 
Multiply  by     207-9 


2.59~31 
202013 
577180 

'  ,'59-99786  !=/^.60. 
2.  What  salary,  to  continue  20  years,  will  688D.  65c.  purchase,  at 
6  per  cent,  compound  interest  ?  Ans.  D.60. 

C  \SE   III. 

Whsn  the   annuity ^  present    worth   and  ratioy  are  given,   to  Jind  the  time. 

Rule. 

Divide  the  annuity  by  the  produdt  of  the  present  worth  and  ratio 
subtratfled  from  the  sum  of  the  present  worth  and  annuity,  and  the 
quotient  will  be  that  power  of  the  ratio,  denoted  by  the  number  of 
years,  which,  being  divided  by  the  ratio,  and  this  quotient  by  the 
same,  till  nothing  remain,  the  number  of  divisions  will  show  the  time  : 
Or,  the  above  quotient  being  sought  in  Table  1st.  under  the  given 
rate,  in  a  line  with  it,  you  will  see  the  time. 

Examples. 

1.  For  how  long  may  an  annuity  of  601.  per  annum  be  purchased 
for  ^.207-906336762,  at  61.  per  cent,  compound  interest  ? 

Multiply  207-906336762  To  207-906336762=present  worth. 

by  1-06  Add    60-  ^annuity. 


1247438020572         From  267-906336762 
2079063367620  Subt.  220-380716967 


220-38071696772  47-525619795=divisor. 

47-52561 9795)60-000000000(  1-26247696 
Divide  by  l-06)I-26247696 


1-06)1-191016 


1-06)1-1236 

1-06)1-06 

"I  f  The  number  of  divisions 
1  =  time  =  4  years. 

Or,  . r-^ -,,->^:,,,^^,:^  _ =1-26247696,  which 

207-906336762+60—207-906336762X1-06 

being  sought  in  Table  1,  under  the  given  rate,  in  a  line  with  it,  is 
4=4  years. 

2.  How 


AT  COMPOUND  INTEREST.  26y 

2.  How  long  may  a  lease  of  D.300  yearly  rent,  be  had  for 
D.2132'341  allowing  5  per  cent,  compound  interest,  to  the  purchaser  ? 

Ans.  9  years. 

ANNUITIES,  LEASES,    l^c.    TAKEN  IN  REVERSION  AT 
COMPOUND  INTEREST. 

CASE  I. 

When  the  annuity,  time  and  fatiof  are  ghen,  to  Jind  the  present  ivorth  of  the 
annuity  in  reversion. 

Rule.* — 1.  Divide  the  annuity  by  that  power  of  the  ratio  denot» 
ed  by  the  time  of  its  continuance. 

2.  Subtrad  this  quotient  from  the  annuity  :  divide  by  the  ratio  less 
1,  and  the  quotient  will  be  the  present  worth,  to  commence  immedi- 
ately. 

3  Divide  this  quotient  by  that  power  of  the  ratio  denoted  by  the 
time  of  reversion,  (or,  time  to  come,  before  the  annuity  commen- 
ces) and  the  quotient  will  be  the  present  worth  of  the  annuity  in  re- 
version. 

Or,  1.  Multiply  the  annuity  by  that  power  of  the  ratio  denoted 
by  the  time  of  its  continuance,  minus  unity,  for  a  dividend. 

2.  Multiply  that  power  of  the  ratio  denoted  by  the  time  of  its  con- 
tinuance, that  power  of  it  denoted  by  the  time  of  reversion,  and  the 
ratio  less  1,  continually  together  for  a  divisor,  and  the  quotient  aris- 
ing from  the  division  of  these  two  numbers  will  be  the  present  worth 
of  the  annuity  in  reversion. 

Examples. 
1.  What  is  the  present  worth  of  601.  payable  yearly,  for  4  years  ; 
but  not  to  commence  till  two  years  hence,  at  61.  per  cent.  ? 
First  Method. 
Ratio=l-06         Or,  in  Table  4di,  find  the  present 
1'06     value  of  11.  at  the  given  rate,  both  for 

the  time  in  being  and  the  time  in  re- 

636     version  added  together,  and  fiubtradt 
1 060       the  present  worth  of  the  time  in  being 

from  the  other,  multiply  the  remain- 

2d.  power=M236     der  by  the  annuity,  and  the  produifl 
Carried  over,     1*1236     will  be  the  answer.  Pres. 

♦  Let  1)  denote  the  time  in  reverfion,  and  the  other  letters  as  before.    Then  th©/ 
two  cafes  under  this  rule  will  be  expreflcd  by  the  followinjf  Thcarems. 
n  m 

T,  «  —  —  =s^.  Then  change/*  into  m,  and  —  =yj. 


€>r,I. 

t 
r 

=  m. 

Change  m  \ 
-1X« 

into/, 

r- 

11.- 

r 

t 

r  —1 

-iXr'XrXv/. 

r—l 

fUl 

?...N 
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Brought  over.    1'  1236  Pres.  worth  of  the  time  in!  _4^.qi  -qq 
being  and  reversion      ^  ^ 


1-8333 


67416  Present  worth  of  the  time" 

33708  in  being 

22472  3-08402 

11236  '  60 

11236  

;f.  185-04 120 

DIv.  by  4th  pow.=l-26247696)60-000000000000(47-52561 9794281 
Subtraa  the  quotient=47-5256 19794281 


Divide  by  1-06— 1=:-06)  12-4743802057 19 


Divide  by  1-06x1 -06=1-1 236)207-y063367619(  185-035899=1851. 
Os.  8|d.  =  the  present  worth  of  the  annuity  in  reversion. 
60  60—47-5256 

Or, =  47-5256 =  207*906 

1-26247696  1-06— -1 

207-906 

And =185-035899 

1-1236 

Second  Method, 
•26247696=  4th  power— 1 
Multiply  by  60  =  annuity. 


15-74861760  =  dividend.      -0851 11 15)  15-74861760(1 85-036 
1-26247696  =  4th  power.  [Ans. 

1-1236  =  2d  power. 

o 

•  757486176 

378743088  r06|4__ixgo 

252495392  Or,  ^         -—-  =  1 85-03S 

126247696  l-Oe^Xl-Oq^^X  1-06—1 

126247696 


1-418519112256 

•06  =  ratio— 1 


•0851 1 1 14673536  =  divisor. 
2.  "What  is  the  present  worth  of  a  reversion  of  a  lease  of  D.6d 
per  annum,  to  continue  20  years,  but  not  to  commence  till  the  end 
of  8  years,  allowing  6  per  cent,  to  the  purchaser  ? 

Ans.  D.43h782  (nearly.) 

^tt  annuity,  several  times  In  reversion,  and  rate  being  given,  tojind  the  sev- 
eral present  values. 
Find  the  present  value  of  ^A  or  D.l  by  Table  4,  at  the  given 
rate,  and  for  the  several  given  times,  which,  being  severally  multi- 
plied by  the  annuity,  the  products  will  be  the  several  present  values 
of  that  annuity,  for  the  several  times  given  ;  subtract  the  several 
present  values,  the  one  from  the  other,  and  the  several  remainders 
will  answer  the  question.  3.  A 
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8.  A  has  a  term  of  6  years  in  an  estate  at  601.  per  annum.  B  has 
a  term  of  14  years  in  the  same  estate,  in  reversion,  after  the  6  years 
are  expired  ;  and  C  has  a  further  term  of  16  years,  after  the  expira- 
tion of  20  years.  1  demand  the  present  values  of  the  several  terms, 
at  6  per  cent.  ? 

£.    s.    d. 
Pres.  value  of  ^.1  for  36  years=14-6 1722x60=877  0     7i 
Ditto  of  ditto  for  20  years      =1 1-46992x60=688  3  10| 
Ditto  of  ditto  for    6  years      =  4-91732x60=295  0     9i=A*s  term. 
Therefore,    877   0    7-1—688    3    l0l=£AH8  16  9  C's   term,    and 
688  3  10|=295  0  9^=^^.393  3  lJ=B*s  term. 

4.  For  a  lease  of  certain  profits  for  7  years,  A  offers  to  pay  D.300 
gratuity,  and  D.300  per  annum,  B  oflfers  D.800  gratuity  and  D.250 
per  annum,  C  bids  D.1300  gratuity  and  D.200  per  annum,  and  D 
bids  D.2o00  for  the  whole  purchase,  without  any  yearly  rent ;  which 
is  the  best  offer,  computing  at  G  per  cent.  ?  D. 

By  Table  4,  the  present  worth  of  D.300  per  annum,  ^ 
for  7  years,  at  6  per  cent,  is 

To  which  add    300- 


674-714 


Value  of  A*s  offer  =  1974-714 


Present  worth  of  D.250  per  annum  for  7  years  =  1395-595 

To  which  add    800* 


Value  of  B's  offer  =  2 195-595 


Present  wortli  of  D.200  per  annum  for  7  years  =  I II 6* 4 76 

To  which  add  1300- 


Value  of  Cs  offer  =  24 1 6-476 


D's  offer  =  2500- 
Hence  it  appears  that  D*s  offer  is  the  best. 

The  above  questions  may  be  answered  by  the  4-th,  and  2d.  Tables, 
Take  question  \st,Jor  Example. 

1.  Multiply  the  tabular  number  in  Table  4,  corresponding  to  the 
rate  and  the  time  of  continuance,  into  the  annuity,  and  the  produft 
will  be  the  present  worth,  to  commence  immediately. 

2.  Multiply  this  present  worth  by  the  tabular  number  in  Table  2, 
corresponding  to  the  rate  and  the  time  of  reversion,  and  the  produft 
will  be  the  present  worth  of  the  annuity  in  reversion. 

In  Table  4th  we  have  3-4(551 

Multiply  by  60  =  annuity. 


207-9060 
In  Table  2ii.  we  have  -889996 


1247436     Carried  over. 
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1247436  Brought  over. 
1871154 
1871154 
1871154 

1663248 
1663248 


i85'035508376=present  worth  of  the  reversIoB. 

CASE  II. 
When  the  present  'worth  of  tlie  reversiorif  rate  and  time  are  given,  tojind  the 

annuity. 
Rule. —  1.  Multiply  that  power  of  the  ratio  signified  by  the  time 
of  reversion,  by   the  present  worth,  and  the  produtft  will  be  the 
amount  of  the  present  worth  for  the  time  before  the  annuity  com- 
mences. * 

2.  Multiply  that  power  of  the  ratio  signified  by  the  time  of  con- 
tinuance plus  I  by  the  last  produd. 

3.  Multiply  that  power  of  the  ratio,  signified  by  the  time,  by  the 
aforesaid  produd,  and  this  last  produd:,  divided  by  that  power  of  the 
ratio  denoted  by  the  time,  minus  unity,  will  give  the  annuity. 

Or,  divide  the  continual  produ<5l  of  the  present  worth,  that  power 
of  the  ratio  denoted  by  the  thne  of  continuance,  that  power  of  it  de- 
noted by  the  time  of  reversion,  and  the  ratio  minus  I,  by  that  pow- 
er of  the  ratio  denoted  by  the  time  of  continuance  minus  1,  and  the 
quotient  will  be  the  annuity. 

Examples. 

1.  What  annuity,  to  be  entered  upon  2  years  hence,  and  then  to 

!C33ntinue  4  years,  may  be  purchased  for  D.  185*035899,  at  6  per  cent.  ? 

First  Method. 

l'06Xl'06=M236  =  2d  power  of  the  ratio. 

Multiply  by  185-036  =  present  worth. 

67416 
33708 
561800 
89888 
11236 


207*9064496  amount  for  the  time  of  reversion, 
l^ultlply  by   1*33822  =  5th  power  of  the  ratio. 

415812  4th  power  of  the  ratio-=l*2624lr 

415812  Multiply  by  207-906 


663248 


623718  757482 

623718  11362230 

207906  883729 

. .  2524940 

From  278*22396732  ■ 


Take  262*47508785  262*47508782 

Divide 
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JE>ivide  by  Foej*  —1  =  •26247)15-7488750(60  the  annuity  required. 
Or,   185-036Xl'1236=207-906 


207  906X1-33822— 207-906X1-26247 

Then, =  D.60  Ans. 

i-26247^1 

Second  Method. 

185*036  =  present  worth  of  the  reversion. 
1 '26247  =  4th  power  of  the  ratio. 

1295252     Or  by  Table  4th,  divide  the  pre- 

740144     sent  worth  of  the  reversion  by  the 

370072       difference  between    the    present 

1110216         worth  of  D.  1  for  the  time  both  in 

370072  being    and   reversion,    and   the 

185036  time  in  being,  and   the  quotient 

will  be  tlie  annuity. 

233-6024 

i-1236  =  2d.  power  of  tlie  ratio. 


14016144     4.01732:=  Svj-  wo.  of  D.I  for  the 
7008072  I  time  in  being  6c  rev rsn. 

4672048  1-8333         {"  pr.  wo.  of  D.  1  for  the. 


={"■ 


2336024  ~  \        time  in  being 

2336024  . 

-^ 3  08402)1850412(60  Ans. 

262-47565664 

•06  =  ratio — I. 


1-0614-1=:.26247)15.7485393984^60.  

185036X1-26247X1-1236X1-06— I 

Or, =  60. 

1-26247—1 

2.  The  present  worth  of  a  lease  of  an  house  is  4311.  15s.  7d. 
2'7819  qrs  taken  in  reversion  for  20  years  ;  but  not  to  commence 
till  the  end  of  8  years,  allowing  6l.  per  cent,  to  the  purchaser  :  What 
is  the  yearly  rent  ?  Ans.  ^  .60. 

PURCHJSING  ANNUITIES  FOREVER,   OR  FREEHOLD 
ESTATES,  AT  COMPOUND  INTEREST^ 

CASE  I. 

When  the  annuity,  or  yearly  rent,  and  the  rate  are  g'tveni  to  Jind  the  present 
worth,  or  pr'tre. 

Rule.* — As  the  rate  per  cent,  is  to  lOOl.  or  lOOD.  so  is  tlic  yearly 
rent,  to  the  value  required.  Or, 

*  The  reafon  (t{  this  nile  is  ohvlmis ;  for  fince  a  year's  intcrcft  of  the  price, 
which  in  given  for  it,  it  the  atiniiity,  thcr«  can  neither  more  nor  left  be  made  of 

that 
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Or,  Divide  the  yearly  rent  by  the  ratio  less  I,  and  the  quotient 
will  be  the  value  required. 

Examples. 

1.  What  is  the  worth  of  a  freehold  estate  of  60l.  per  annum,  al- 
lowing 61.  per  cent,  to  the  purchaser  ? 

£'    /.     £^ 

6  :    100  ::   60                            Or,   1-06— 1=-06)60-00 
60  

1000 

6)6000 


/.loco    Ans. 
2.   An  estate  brings  in  yearly'D.75  :  What  will  it  sell  for,  allowing 
the  purchaser  5  per  cent  compound  interest  ?  Ans.  D.1500. 

CASE  11. 

When  the  price,  or  present  'worth,  and  rate  are  given,  to  find  the  annuity,  or 

yearly  rent. 

Rule. — As  /".1 00  or  D.IOO  is  to  the  rate  so  is  the  present  worth 
to  its  rent. 

Or,  Multiply  the  present  worth  by  the  ratio  less  1,  and  the  pro- 
dud  will  be  the  yearly  rent. 

Examples. 

1,  If  a  freehold  estate  be  bought  for  I  OOOl.  allowing  6l.  per  cent, 
to  the  purchaser  :  What  Is  the  vearly  rent  I 

£.     £.        £. 
100  :  6  ::  1000 
6 

Or,  1000x-06=/.60. 

100)6000(£.  60  Ans. 
600 

?  0 

2.  If  an  estate  be  sold  for  1500D.  and  5  per  cent,  allowed  to  the 
buyer  j  what  is  the  yearly  rent  ?  Ans.  D.75, 

CASE  III. 

When  the  present  worth,  or  price,  and  yearly  rent,  are  given,  to  find  the  rate. 

Rule. 

As  the  present  worth  is  to  the  rent  ;  so  iS;f.lOO  or  D.  to  the 
rate. 

Or, 

that  price,  than  of  the  annuity,  whether  it  be  employed  at  fimple  or  compound 
intereft. 

The  following  Theorems  (hew  all  the  varieties  of  this  rule. 

tf  «  n  p-^rtt 

I.  =/.     II.  r — 1  Xf—t'     in. \-  l=:r,  or  —  =r — I  j  or =r 

/-i  P  f  P 
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Or,  Divide  the  rent  by  the  present  worth  ;  add  1  to  the  quotient, 
and  the  sum  will  be  the  ratio  of  the  rate  per  cent. 

Or,  Divide  the  sum  of  the  present  worth  and  rent  by  the  present 
worth,  and  the  quotient  will  be  the  ratio. 

Examples. 

1.  If  an  estate  of  601.  per  annum  be  bought  for  lOOOl.  what  rate  oT* 
interest  was  allowed  the  purchaser  for  his  money  ? 
£,      £,       £, 
1000  :  60  ::  100  Or,  1000)60-00('06+1=1-06 

100  60  00 


1000)6000{;f.6  Ans. 


Or,  to  1000=present  wortli. 
Add       60=rent. 

1000)1060(1-06 
1000 


6000 
6000 


2,  An  estate  of  75D.  per  annum  was  purchased  for  1500D.  what 
rate  of  interest  had  the  buyer  for  his  money  ?  Ans.  5  per  cent. 

Tojindat  hoiu  many  years*  purchase  an  estate  may  be  bought, 

CASE    I. 

When  the  rate  of  interest  isgivettf  tojincl  the  number  of  years. 

Rule. — Divide  lOOl.  or  D.  by  the  rate,  and  the  quotient  will  be  the 
years. 

Examples. 

1.  How  many  years' purchase  should   a   gentleman   offer  for  the 
purchase  of  an  estate,  to  have  6  per  cent,  for  his  money  ? 
6yl00 


16-666-f=16|  years. 
2.  How  many  years'  purchase  is  an  estate  worth,  allowing   5  per 
cent,  to  the  purchaser  \  Ans.  20  years. 

CASE  II. 

When  the  number  of  years'  purchase,  at  which  an  estate  is  bought,  or  soldy  is 
given,  to  find  the  rate  of  interest. 

Rule.— Divide  ^.100  or  D.  by  the  number  of  years,  and  the  quo- 
tient will  be  the  rate, 

Examples. 
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Examples. 

1.  A  gentleman  gives  16j  years'  purchase  for  a  farm  ;  what  inter- 
est is  he  allowed  ?  1 6|=  1 6*666+  1  (X)'()00(  6  per  cent.  Ans. 

2  A  gentleman  gives  20  years'  purchase  for  an  estate  ;  what  in- 
terest has  he  ?  Ans.  5  per  cent. 

PURCHASING  FREEHOLD  ESTATES  IN  REVERSION. 
CASE  I. 

The  rate  and  rent  of  a  freehold  estate  being  given,  to  find  the  present  worth 

of  reversion. 

Rule.* — 1.  Find  the  present  worth  of  the  annuity  or  rent,  (by 
Case  1.  of  purchasing  Freehold  Estates,  page  293,)  as  though  it  were- 
to  be  entered  on  immediately. 

2.  Divide  the  last  present  worth  by  that  power  of  the  ratio  deno- 
ted by  the  time  of  reversion  (by  Case  1  of  Discount  by  Compound 
Interest)  and  the  quotient  will  be  the  answer  required. 

Or,  1.  Having  found  the  presjent  value  of  the  estate,  supposing  it 
to  be  immediate  :  Multiply  the  annuity,  or  rent,  by  the  present  worth 
of  11.  or  D.  corresponding  with  the  time  of  reversion  and  rate  in  Ta^ 
ble  4th.  and  the  produ(ft  will  l>e  the  present  worth  of  the  annuity,  or 
rent,  for  the  time  of  reversion  ;  or  the  value  of  the  present  possession. 

2.  Subtraft  the  value  of  the  possession  from  the  value  of  the  estate, 
^and  the  remainder  will  be  the  value  of  reversion. 

Examples. 

1 .  Suppose  a  freehold  estate  of  601.  per  annum  to  commence  2  years 
hence,  be  put  up  to  sale  j  what  is  its  value,  allowing  the  purchaser 
61.  per  cent.  ? 

First  Method. 

1.06— 1=-06)6000  =  rent  per  annum. 

,  1000  =  present  worth,  if  entered  on  immediately. 

1  •06^=1 -1 236)  10C0-000( 889-996=/'. 889  19s.  lid.  =  present wortli 
of  lOOOl.  for  2  years,  or  the  whole  present  worth  required. 

Second 

'*  The  following  Theorems  exprefs  all  the  Cafes  under  tliis  rule, 

n  m 

L  z=p  ;  then  change  p  into  m,  and  — =/. 

r — 1  1} 

r 

,j  prr—fr 

n.  prz=m  ;  then  change  m  into  /,  and  =«v 


IN  REVERSION.  .297 

Second  Methodr 


1-06— 1='06)60-00 


1000  =  present  worth,  for  immediate  possession, 
'In  Table  4th.  we  have  l-83339=value  of  11.  for  2  years. 
Multiply  by  60=rent. 


110'0034<0=value  of  possesssion* 
From     1000-0000 
Subtraa       llO-OOS* 


889-9966=value  required. 

2.  Suppose  an  estate  of  75D.  per  annum,  to  commence  10  years 
hence,  were  to  be  sold,  allowing  the  purchaser  5  per  cent ;  what  is  its 
worth  ?  Ans.  D.920  87c.  Im.  (nearly.) 

CASE  II. 

The  nialue  of  a  Reversion^  the  Time  prior  to  its  Commencement^  and  rate  of 
Interest  given,  to  find  the  Annuity  or  Rent. 

Rule. — 1.  Multiply  the  price  of  the  reversion  by  that  power  of  the 
amount  of  11.  or  D.  for  I  year,  denoted  by  the  time  of  reversion,  and 
the  prodnft  will  be  its  amount,  (by  Case  1  of  Compound  Interest.) 

2.  Find  the  interest  of  the  amount  (by  Case  1st.  Simple  Interest) 
and  It  will  be  the  annuity,  or  yearly  rent. 

Examples* 

1.  A  freehold  estate  is  bought  for  ;f  .889*9966  which  does  not  com* 
tnence  till  the  end  of  2  years  ;  the  buyer  being  allowed  61.  per  cent, 
for  his  money  ;  I  desire  to  know  the  yearly  income  ? 

889'9966=price  of  the  reversion. 

a 

Multiply  by  1'06|  =  M236  denoted  by  the  time  of  reversion. 


.53399796 
26699.S98 
177999'J2 
8899966 
8899966 


1000-0001 7976=amount  of  the  rerersion. 
•06 

Ans.  ;f  .60-00 
2.  If  a  freehold  estate,  to  commence  10  years  hence,  lie  sold  fojr 
D.920  87c.  Im.  allowing  the  jpurchaser  5.  per  cent.  ;    wh.it  is  the 
yearly  income  ?  Ans.  D.75. 
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Table  I.  Shelving  ihe  amount  cf  £.\  or  "DA  from  1  year  to  50. 


;  V.1-.1  3 per  cent.  \  3  ^pjr  Lent, \  4  per  cent.  \  A\per  cent,  j   5 per  cent.   |  5  ^per  cent.  |  G  per  cent. 


i  6 


•0300000  j  1  O350(XX.v  I 
•0609000  1-07 12250 1 1 
•0927270jM087178|l 
•12.j5088iM475230  1 
•15D2740JM876863  1 

•2298738! 
•26G7700; 
•3047731! 
•3439)03' 


0400000 
0816000 
1248640 


1^0450000 
1^0920250 
M411661 


1-2292553 
1^2722792 
1-3168090 
1-3628973 
1-4105987 


1698585|M925186 
2166529  1-2 161 81 9 


-2653190 
•31593 
-3685690 
-4233  i  1 8 
-4802842 


11-4599697  1-5394540 
-6010322 
-6650735 
•7316764 
•8009435 


;1-51 10683 
1-5639560 
H;  185945 
!1 -6753488 


:i  •733986 
1-7946755 

4-8574892 
1-9225013 
il'9897S88 


-8602945|2-0594314 
•9161034,2-1315115 
•9735865|2-£061144 
•0327941  2-2833284  2^. 


■87298 12i 
•9479O05| 
'0258161; 
■1068491; 
■1911231  = 


2^0223701 
2-1133768 
2^2084787 
2^3078603 
2^4117140 


•2787680  2*5202411 

•3699187|2-6S36520 

•4647155,2-7521663 

5633041i2-8760138 

!-0937779i2-3632449  2^6658363jS-0054344 


!30  2' 


,r>7|2- 

:38  3-^ 


-10|3' 

'4T|3^ 
.i2j3. 
43  3" 
443' 
15  3- 

:'.7|4- 

i484' 
4,9|4" 
!50i4- 


-1565912, 
•2212890 
■2879276 

•4272624 
5000803 
5750827 
^5^3352 
7319053 
8138624 

8982783 
9852266 
0747834 
1670269 
2620377 


i2-4459585 
2^53 15671 
'J-J201719 
2-7118779 
2^8067937 


2^7724697,3^1406790 
2^8833685:3^2820095 
2-9987033  3-1296999 
3-1186514  3-5840364 
3-2433975  3-7453181 


2-9050314  3 
3-0067075|3 
3-111912313' 
3^2208603l3 
3-3335904|3 


3731334 
5080587 
6483811 
7943163 
9460889 


3^4502661  4^1039325 
3-57i0254i4^268O898 
4388134 
6163659 


3^6960113j4 

3-825371712 
3-9592597  !4' 


4-8773784 
5-0968604 
5-3262192 


,5.5658990 
801020615-8164645 


2-7859625 
2-9252607 
3-0715237 
3-2250999 
3-3863549 


3-7334563 
3-9201291 
4-1661356 
4-3219423 


1-0550000 
1-1130250 
1-1742413 
1-2388245 
1-3069598 


2^35526 17 
2-4848011 
2-6214652 
2^7656458 
2-9177563 


3-0782329 
3^2475357 
3-4201502 
3-6145885 
3-8133910 


1-8982985 

2-0121964 

2-1329282. 

2-2609039 

2-3965581 


8950436 
0118949 
1322518 
2562193 
3830059 


4-0975337  4-9930614j6-0782054 
4-2412579!5-1927833;6-3517246 


4-3897020J5' 
4-5433415I5' 
4-702358515' 
4'^0G9411t6 
5-0372840!6' 
5-21 3588  9|6' 
5-3960645  JG' 
5-584926817- 


4004952 

616515 

8411756 


0748236 
3168166 
5694892 


6-6375522 
6-9362421 
7^248373  ' 


7-391988] 
7-7615875 
8-1496669 
8-5^71502 
8-98500 


5-2580671 
5-5472608 
5-8523600 
6-1742398 
6-5138230 
"6^8720832 
7-2500478 
7-6488004 
8-0694844 
8-5133060 


7-5745497 
^-9154045 
8-271a977 
832268818-6438196 
10555961 9-0327915 


9-4342581 

9-9059710 

10-1012696 

10-9213331 

11-4673697 


4-5493829 


5-4183879 
5-7434912 


6-0881007 
6-453380,7 
6-8405899 
7-2510253 
7-6860868 


10-9028608 
11-5570325 
12-2504547 
12-9854817 
13-7626109 


14-5883673 
15^4636693 
16^3914894 
17-3749788 
18-2174775 
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Table  II.  Shewing  the  present:  value  of  £.\  or  D.l,  due  at  the  end  of  any 
number  of  years f  from  1  to  40. 


1 .1"'. 

1  A  per  sent,     \  A\  per  cent. 

5  per  cent. 

1  r)\prreetii. 

I  6  per  cent. 

b'--  1 

1  1 

-mib^^ 

1  ^956938 

•952381 

•947cH67 

~r'9¥6?^m 

!  1 

i>. 

'921556 

•91573 

•90703 

•898513 

•889996 

2 

3 

'88S996 

•876297 

•863838 

•851728 

•839619 

8 

4 

•854804 

♦838561 

•822702 

•807397 

•792093 

4 

5 

•821927 

.  ^802451 

•783526 

•765392 

•747258 

5 

~6 

♦790314 

•767896 

•746215 

•7255H7 

•70496 

6 

7 

♦759918 

•734828 

•710681 

•687869 

•665057 

7' 

8 

•730690 

•703185 

•676839 

•652125 

•627412 

8 

9 

•702587 

•672904 

•644609 

•618253 

•591898 

9 

10 

•675564 

•643928 

•613913 

•5S6153 

•558394 

10 

IT 

♦649581 

•616199 

•584679 

•573733 

•562787 

U 

12 

•624597 

•589664 

•556837 

•526903 

•496969 

J^^ 

13 

•600574 

•564271 

•530321 

•49958 

•468839 

13 

14. 

•577475 

•539973 

•505068 

•473684 

•442301 

14 

15 

•555264 

•516720 

•481017 

•449141 

•417265 

15 

1() 

•533908 

•494469 

•458311 

•425979 

•393647 

16 

17 

•513373 

•473176 

•436297 

•40383 

•371364 

17 

18 

•493628 

•4528 

•415521 

•382932, 

•350343 

18 

19 

♦474642 

•433302 

•395734 

•363123 

•330513 

19 

20 

•456387 

•414643 

•376889 

•344346 

•311804 

20 

21 

•438833 

•396787 

•358942 

•326568 

•294155 

21 

22 

•421955 

•379701 

•34185 

•309677 

•277505  j  22  1 

23 

•105726 

•36335 

•325571 

•293684 

•261797  23  j 

24 

•390121 

•347703 

•310068 

•278523 

•246978  24  { 

25 

•375117 

•332731 

•305303 

;-26915 

•23299^ 

25 

26 

♦360689  ! 

•318402 

•281241 

•250525 

•21981 

2(j 

27 

•340816 

•304691 

•267848 

•237608 

•207368 

27 

28 

♦333477 

•291571 

•255094 

•225362 

'\95{y?> 

28 

29 

•320651 

♦279015 

•242946 

•213715 

•184556 

29 

30 

•308309 

•267 

•231377 

•202743 

•17411 

30 

31 

•290460 

•255502 

•220359 

■192307 

•164255 

31  ' 

32 

•285058 

•2445 

209866 

•182411 

•154957 

32 

33 

•274094 

♦233971 

•199872 

•173029 

•146186 

'^'2> 

34 

•263552 

•223896 

•190355 

•164133 

•137912 

34 

35 

•254415* 

•214251 

•18129 

•155692 

•130105 

'S5 

36 

•243669 

•205028 

•172057 

•147399 

•122741 

^Q^ 

37 

•234297 

•196299 

•164436 

•140114 

•115793 

37 

38 

•225285 

•18775 

•156605 

•132893 

•109182 

38 

39 

•216671 

•179665 

•149148 

•126075 

•103002 

39 

40 

•208289  i 

•171929 

•142046  1 

•119608 

•09717 

40  1 
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Tablb  III«  Shelving  the  amount  (][  £'\  or  D.\  annuity  for  any  number  oj 
years,  from  1  to  40. 


ys.\  ^  per  cent.  \^\  per  cent,  j   B  per  cent.   \  5k  per  cent.  \  6  per  cent.   \ys. 


1- 

2-04. 

3-1216  I 
4-246464 
5*416322 


1- 

2-045 
3-137025 
4-278191 
5-47071 


6,  6-632975 
1*   7-898294 

8  9-214266 

9  10  582795 
10  12-006107 
Tl  i3-'486"35l 
12  15025305 
13l6'626838i 
14  18-291911 
1520-023588 
r62T'82453i 
I723-6975I2 
i8;25-645413; 
19'27-671229; 
20I29-778078; 


6-716892 

8-019152 

9-380014 

10  802114 

12-2882 


21131-969202 
22'34-24797 
23  3P.-617888 
21  39-082604 
2541-645908 

26  44"^  11745 
2747-084214 
28,49-987583 
2952-966286 

30  56-084938 

3 1  59-328335 

32  62-701469 

33  66-209527 

34  69-857908 

35  73-652225 
56  77-598314 
3781-702246 
38  85-970336 
39,90-40915 
4o'95'025516 


13-841179 
15-464032 
17-159913 
18-932109 
20-784054 

'22^779337 
24"/4!707 
26-855084 
29-063562 
31-371423 
"3F783T37 
38-303378 
38-93703 
41-689196 
44-56521 

T7~5T0645 
50-711324 
53-993333 
57-423033 
61-007067 


64-752388 
68-666245 
72-756226 
77-030256 
81-496618 

~h6-~1  03  9  66 

91-041344 

96-138205 

101-464424 

107-030323 


1- 

2-05 
3-1525 
4-310125 
5-525631 

"6-801913 
8-142008 
9-549109 
11-026564 
12-577892 
'14-2  067  87 
15-917126 
17-712983 
19-598632 
21  578563 


1- 

2-055 
3-16802 

4-34226 
5-58109 


6-888051 

i^- 266891 

9-721573 

11-25S259 

12-875354 


14-583498 

16-38559 

18-286798 

20-292572 

22-408663 


23-657492 
25-840368 
28-132385 
30-529004 
33-m>5954 
35-719252 
38-505214 
41-430475 
44-501999 
'47-7^099 
TriT3454 
54-669126 
58-40-2583 
62-322712 
66-438847 


70 
75 
80 
85 
90 

95 
107 
101 
IH 
120 


•76079 

•298829 

-065771 

•066959 

-320307 

'.836328 

-628139 

•709546 

•095025 

•799774 


24-641 14 
26-996402 
29-481205 
32-102671 
34^  8683 18 

40-864309 
44^1 1 1846 

47-537998 
51-I5258S 


5i'y659^ 

58-989109 

63-23351 

67-711353 

72-435478 

~77-4T9429 

82-677498 

88-22476 

94-07712 

100-251363 

106-765188 

113'6S7274 

1 20-887324 

128-536127 

136'G05614 


1- 

2-06 

3-1836 

4-374616 

_5-637095 

6-975318 

8-39383" 

9-89746 

11-491315 

f3- 180794 

14-971642 

16-86994 

18-882132 

21-015064 

23-275968 

25"-67252 
28-212879 
30-905652 
33;759991 
36-7|559 
'39-99272.5 
43-392289 
46-995826 
50-815576 
54-86451 


59-156381 
63-705763 
68-528109 
73-639796 
79-058183 

"84-80T674 

90-889775 

97-343161 

104-183751 

111-434776 

119-120863  36 
127-26811437 


i! 
2 
3 
4 
5 

'e 

7 

8 

9 

iO 

IT 
12 

13 
14 
15 

Te 

17 

18 

i! 
20 

21 

22 
23 
24 
25 

•26 
27 
28 
29 
30 

3? 
32 
33 
34 

35 


135  904201 
145-058453 
154-761961 


38 
39 
30 
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Table  IV.  Shewing  the  present  luorth  of  £.1  or  DA  annuity,  for  any  num- 
ber of  years,  from  1  to  40. 


ys.     4  per  cent.  \  ^^-^  per  cent.  \  5  per  cent.  \ 

5  f  percent. 

Qper  ctni.  1 

1 

0-96154 

0-95694 

0-95238 

~~0'~9ilH6' 

0-94339 

2 

1-88609 

1-87267 

1-85941 

.    1-8463 

1-83339 

3 

2-77509 

2-74896 

2-72325 

2-6979 

2-67301 

4 

3-62989 

3-58752 

3-54595 

3-49802 

3-4651 

5 
6 

4-45182 
5-24214 

4-^8997 

4-32948 
5-07569 

4-25759 
4-97099 

4-21236 

515787 

4-9-2  V  32 

7 

6-00205 

5-8927 

5-78637 

5-65888 

5-58238 

8 

6-73274 

6-59589 

6-40321 

6-30522 

620979 

9 

7-43533 

7-26879 

7-107^2 

6-91780 

6-80169 

10 

8-11089 

7-91272 

7-72173 

7-49856 

7-36008 

IT 

8-76048 

8-52892 

830641 

8-04898 

7-88687 

12 

9-38507 

911858 

8-86325 

8-5707 

8-38384 

13 

9*98565 

9-68285 

9-39357 

9-06522 

8-85268 

14 

10-56312 

10-22282 

9-89864 

9-53395 

9-29498 

15 
10 

11-11839 
11-65229 

10-73954 

10-37906 
10-83777 

9-97824 
10-39936 

9-71225 
10-10589 

11-23401 

17 

12-16507 

11-70719 

11-27407 

10-79852 

1047720 

18 

12-65929 

12-15099 

n-68958 

11-17687 

10-8276 

19 

13-13394 

1259329 

12-08532 

11-53549 

11-15311 

20 

13-59032 

13-00793 

12-46221 

11-87541 

11-46992 

21 

14-02t»16 

13  40472 

12-82115 

12-1976 

11-76407 

22 

14-45111 

13-79442 

13-163 

12-50299 

12-04158 

23 

14-85684 

14-14777 

13  48807 

12-79245 

12-30338 

24 

15-24690 

14-49548 

13-79864 

13-06682 

12-55035 

25 

l.r62208 

14  8282 1 

14-09394 

13-3083 

12-78335 

2Q 

15-98277 

15-14601 

14-37518 

13-57338 

13  00316 

27 

16-32959 

15-4513 

14-04303 

13-80702 

13-21053 

2H 

i  0-66306 

15-74287 

14-89813 

14-02848 

13-40010 

29 

16-98371 

16  02189 

15-14107 

14-23838 

13-59072 

30 

17-20202 

10  28889 

15-37245 

14-43733 

13-70483 

3l 

17-58849 

10-54439 

15-59281 

14-0259 

13-92908 

32 

!7-87355 

16-78889 

15-80268 

14-80463 

14-08398 

33 

18-14764 

17-02286 

16-00255 

14-97404 

14-22917 

34 

18-4112 

17  24676 

16' 1929 

15-13461 

14-30013 

35 

18-66461 

17-4610! 

nr374l9 

15-2808 

14-49533 

3fi 

18-90828 

17-66604 

10-54085 

15-43105 

14  61722 

37 

19-14258 

17-80224 

10-71129 

15  50779 

14-73211 

38 

19-30787 

18-04999 

16-80789 

15-0974 

14-84048 

39 

19-58448 

i8-22905 

17-01704 

15-82024 

14-94-.:7 

40 

19-79277 

18-40158 

17-15909 

15-93007 

15-03f»13 

TAlil 
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Table  V.  The  annu'Uy  <w}jkh  "[£.  or  D.\  nv'iU piA^chau  for  any  number  of 
years  to  come,  from  1  to  40. 


ys. 
1 

4  per  cent. 
1-04 

4  \  per  cent. 
1^045 

1     5  per  cent. . 

1  5  \  per  cent. 

1    6  per  cent. 

1-05 

1055 

1-06 

2 

•5302 

•534* 

•5378 

'5U62 

•54544 

'     S 

•36035 

•36377 

•36721 

•37065 

•37411 

4 

•27549 

•27874 

•28201 

•28582 

•28859 

,:  5 

•22463 

•22779 

•23097 

•23487 

•237S9 

6 

•J  9076 

•J9:->!S8 

•19702 

•20092 

""^20336 

;     7 

•16661 

•1697 

•   ^17282 

•17671 

•17913 

•   .8 

•14853 

•15161   , 

•151-73 

•15859 

•16103 

9 

•13449 

•13757 

•14069 

•14455 

•14702 

10 
11 

•12329 
•11415 

•12638 
•11725 

•1295 
•12039 

•13334 
•12424 

•13587 

•12679 

12 

•10655 

•10967 

•11282 

•11667 

•11927 

;  13 

•10014 

•10327 

•10645 

•11031 

•11296 

'  14 

•09467 

•09782 

•10102 

•10489 

•10758 

I   15 
16 

•08994 
•085813 

•09311 
•08901 

•09624 
•09227 

•10022 
•0962 

•10296 

•09895 

17 

•0822 

•08542 

•0887 

•0926 

•09544 

18 

•07899 

•08224 

•08555 

•08947 

•09235 

19 

•07614 

•07941 

•08274 

•08699 

•08962 

20 
21 

•07359 
•071 28 

•07688 
•0746 

•08024 
•078 

.     -08427 
•08198 

•08718 

•085 

22 

•0692 

•07254 

•07597 

•07998 

•08303 

23 

•06731 

•07068 

•07414 

•07825 

•08128 

24 

•06559 

•06899 

•07247 

-07653 

•07968 

25 
26 

•06401 
•06257 

•06744 
•06602 

•07095 
•06956 

•07503 
•07367 

•07823 

•0769 

27 

•06124 

•06472 

•06829 

•07242 

•0757 

28 

•06001 

•06352 

•06712 

♦07128 

•07459 

29 

•05888 

•06241 

•06604 

•07023 

•07358 

30 
31 

•05783 
'05QS5 

•06139 
•06044 

•06505 
•06413 

•06926 
•06837 

•07272 

•07179 

32 

•05595 

•05956 

•06328 

•06754 

•071 

33 

•0551 

•05874 

•06249 

•06678 

•07027 

34 

•05431 

•05798 

•06175 

•06607 

•06959 

35 
36 

•05358 

•05727 
•0566 

•06107 
•06043 

•06541 
•0648 

•06899 

•05289 

•06839 

37 

•05224 

•05598 

•059S4 

•06423 

•06785 

38 

•05163 

•0554- 

•05928 

•0637 

•06735 

39 

•05106 

•05485 

•05876 

•06321 

•06689 

40 

•05052 

•05434 

•05828 

•06274 

•06646 

CIRCULATING 


CIRCULATING  DECiUfALS.  lius 

CIRCULATING  DECIMALS 

ARE  produced  from  Vulgar  Fra(5lions,  whose  denominators  do 
not  measure  their  numerators,  and  are  distinguished  by  the  continu- 
al repetition  of  the  same  figures^ 

1.  The  circulating  figures  are  called  repetends ;  and,  if  one  figure 
only  repeats,  it  is  called  a  single  rcpetend  :  As  •!  Ill  &c.  '6666  &c. 

2.  A  compound  repetend  has  the  same  figures  circulating  alternately  : 
As -010101,  &c.  -379379379,  &c. 

3.  If  other  figures  arise  before  those  which  circulate,  the  decimal 
is  called  a  mixed  repetend  ;  thus,  '375555  &c.  is  a  mixed  single  repetend, 
and  -378123123,  &c.  a  mixed  compound  repetend. 

4.  A  single  repetead  is  expressed  by  writing  only  the  circula- 
ting figure  with  a  point  over   it;  thus,   -J 111,  (Sec.  is  denoted  by 

•1,  and  -mSG,  &c.  by  -6. 

5.  Compound  repetends  are  distinguished  by  putting  a  point  over 
the  first  and  l«ist  repeating  figures ;  thus,  -010101,  &c.   is  written 

-01,  and  -379379379,  &c.  thus,  -379.     ' 

6.  Similar  circulating  decimals  are  such  as  consist  of  the  same  num- 
ber of  figures,  and  begin  at  the  same  place,  either  before  or  after  the 

decimal  point ;  thus,  -3  and  -5  are  similar  circulates  ;  as  are  also 

3-54  and  7*36,  Sec. 

7.  Dissimilar  repetends  consist  of  an  unequal  number  of  figures, 
and  begin  at  dijQTerent  places. 

8.  Similar  and  conterminous  circulates  are  such  as  begin  and  end  at  the 

same  place  ;  as  47*34576,  9-73528  and  -05463,  &c. 

REDUCTION  OF  CIRCULATING  DECIMALS. 

CASE  I. 
To  reduce  a  simple  Repetend  to  its  equivalent  Vulgar  Frailion. 
Rule* — 1.  Make  the  given  decimal  the  numerator,  and  let   the 
denominator,  be  a  number,  consisting  of  so  many  nines  as  there  are 
recurring  places  in  the  repetend. 

2.  li 

*  If  unity,  with  cyphers  annexed,  be  divided  by  9  aJ  hifnitum,  the  quotient  will 
be  1  continually  ;  tliat  is,  if  •.  be  reduced  to  a  decimal,  it  will  produce  the  circu- 
late -Ijand  fmce-1  15  tlie  decimal  equivalent  to  .^.,  -2  will  =  |.,3  =  |.,  and  fo  on  tilln 
=  <)  =  1.  Therefore  every  fingle  repetcud  is  equal  to  a  vulgar  fra(5Hon,  whofe 
numerator  is  the  repeating  ligure  and  denominator  9. 

-^S*'"'  dV^'"-aiff  ^^**"S  reduced  to  decimals,  make-OIOlOl,  &c.and  •OOIOOIOOJ, 

8cc.  ad  hi/initum  =  -01  and  -001  ;  that  is,  -^'^  =:  -Ol,  and  g',-y  =r  -001,  confcquently 

^,j-  =  -02,  .^,'',,  = -OiJ,  &c.  and  .'•  _  r^  -OOi-S  -^Jy  =  'OOl,  kc.  and  the  fame  will 
hold  univerlally. 
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2.  If  there  be  integral  figures  in  the  circulate,  so  many  cyphers 
must  be  annexed  to  the  numerator  as  the  highest  place  of  the  repetend 
is  distant  from  the  decimal  point. 

Examples. 

1.  Required  the  least  vulgar  fraftions  equal  to  -3  and  '324<, 

•3  =  4  =  4;  and  -321  =  ^  =^  Ans.  4-  and  44. 

2.  Reduce  •?  to  its  equivalent  vulgar  fradion.  Ans.  J. 

3.  Reduce  2-37  to  its  equivalent  vulgar  fradion,  Ans.  Vg-g°. 

4.  Required  the  least  vulgar  fraction  equal  to  '58^615.    Ans.  ^. 

CASE  IL 

To  reduce  a  mixed  Repetend  to  its  equivalent  Vulgar  Fradion, 

Rule.* — 1.  To  so  many  nines  as  there  are  figures  in  the  repetend, 
annex  so  many  cyphers  as  there  are  finite  places,  (that  is,  as  there 
are  decimal  places  before  the  repetend)  for  a  denominator. 

2.  Multiply  the  nines  in  the  said  denominator  by  the  finite  part,  and 
add  the  repeating  decimals  to  the  product  for  the  numerator. 

3.  If  the  repetend  begins  in  some  integral  place,  tlie  finite  value  of 
the  circulating  part  must  be  added  to  the  finite  part. 

Examples. 

1.  What  is  the  vulgar  fraftlon  equivalent  to  '153  ? 

There  being  1  figure  in  the  repetend,  and  2  finite  places,  I  annex 
2  cyphers  to  9  for  a  denominator,  viz.  900  ;  then  I  multiply  the  9  in 
the  denominator  by  the  two  figures  in  the  finite  part,  and  add  the  re- 
peating figure  for  a  numerator  ;  thus,  9X1 5+3=  138  numerator. 

Therefore,  •153=-i-4^=xV^  the  Ans. 

2.  What  is  the  least  vulgar  fradion  equal  to  -4123  ?      Ans.  J-gi|. 

3.  Required  the  finite  number  equivalent  to  45*78  ?    Ans.  45J4I* 

CASE 

*  In  like  manner  for  a  mixed  circulate  ;  confider  it  as  divifible  Into  its  finite  and 
circulating  parts,  and  the  fame  principle  will  be  feen  to  run  through  them  alfo  ; 

thus  the  mixed  circulate  '13  is  divifible  into  the  finite  decimal  •!,  and  the  repetend 

•03  :  but  -1  =  y\)'  ^^^  '^^  would  be  equal  to  -|  provided  the  circulation  began  im- 
mediately after  the  place  of  units ;  but  as  it  begins  after  the  place  of  tenths,  it  is 

l°^T(y  =  iAy'^^  ^°  ^^^  ^"^g^r  fraOion  =::-l3i5j?^-|-^3^=^-h^|g.  an4 
is  the  fame  as  by  the  rule. 


REDUCTION  OF  GIRCULATINO  DECIMALS.     Sd5 

CA5E  III. 

To  make  any  numler  of  dissimilar  repeiends  similar  and  cotiUrmnous  ;  that  is ^ 

of  an  equal  number  of  places. 

Rule.* 

Change  them  into  other  repetencis,  which  shall  each  consist  of  so 

many   figures,  as   the  least  common  multiple  of  the  sums  of  the 

several  numbers  of  places,  found  in  all  the  repetends,  contains  units% 

Examples. 

1.  Make  6-317;  3-4.5;  52-3;  191-03;  -057;  5-3  and  1-359  sim- 
ilar and  conterminous. 

Here,  in  the  first  repetend,  there  are  three  places,  in  the  second,  one, 
in  the  third,  none,  in  the  fourth,  two,  in  the  fifth,  three,  in  the  sixth, 
one,  and  in  the  seventh,  one. 

Now  find  the  least  common  multiple  of  these  several  sums,  thus  ? 
3\3,  I,  2,  3,  1, 

and  2X3=6  units  ;  therefore,  the  similar  and  con- 


;x  3,  I,  2,  3,  1,  I 
y  I,  1,2,  1,  1,  1 


terminous  repetends  must  contain  6  places.f 

Dissimilar  made  similar  and  conterminomv 

6-3IT=  6-31731731 

3-45    =.  3-45555555 

52-3      «  52-30000000 

191-03    =191-03030303 

•057  =  '05705705 

5-3      =  5-33333333 

1-359=  1-35999999 

2.  Make  -531,  -7318,  -07  and  -0.503  similar  and  conterminous. 
CASE  IV. 

'To  fnd  nvrether  the  decimal  fraEliony  equal  to  a  given  vulgar  nnc,  hejintteov 
inflnile,  and  hotv  many  places  the  repetend  will  cjusist  <f. 

Rule.;}: — 1.   Reduce  the  given  fradlion  to  its  least  terms,   and  di- 
vide the  denominator  by  %  5  or  10,  as  often  as  possible.    2  Divuie 

*  Any  given  repetend  wliaievcr,  whether  fingflt-,  comj^ound,  pure,  or  n.'xcd, 
may  be  transformed  into  another  repetend,  which   fliall  conlift  of  an  equal  or 

jrroatcr  number  of  fij^urcs  at  pleafurc  ;  thus,  -3  may  be  transformed  into  -SS,  or 

•333,  8cc.  alfo  •79=-7979=-797,  and  fo  on. 

f  'I'he  learner  may  obferve  that  the  fimilar  and  contermiuou-i  ii"iti.iuit  ih  'in 
jufi  fo  far  from  unity,  as  13  the  fartheft  amonj;  the  dKHniiUr  repetcucs  ;  and  ic 
fo  in  all  cafe^. 

f  ill  diviclinjr  l-OOO,  8cc.  by  ant  prime  number  wh.itever,  except  'J  or  .•■),  ih« 
-%urcs  in  the  quoticni  will  begin  to  repeat  over  sigaxa  as  foon  a»  the  rsmainder  if 
2...P  ^  :  *Dd 
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2,  Divide  9999,  Sec  by  the  former  result,  till  nothing  remain,  and 
tlie  number  of  9s  used  will  show  the  number  of  places  in  the  repe- 
tend  ;  which  will  begin  after  so  many  places  of  figures  as  there  were 
10s,  2s,  or  .Go,  divided  by. 

If  tlie  whole  denominator  vanish  in  dividing  by  2,  5  or  10,  tlie 
decimal  will  be  finite,  and  will  consist  of  so  many  places  as  you  per- 
form divisions. 

Examples. 

1.  Required  to  find  whether  the  decimal  equal  to  ^Wu  t)e  finite 
or  Infinite,  and  if  infinite,  how  many  places  that  repetend  will  con- 
sist of. 

\  475         19        N  (2)     (2)    (2) 

First  25  J = 2  )  112  =  56=28  =  14  =  7. 

y28oo    112      y 

7)999999 
Then,      —  ;  therefore,  because  the  denominator  112  did  not 

vanish  in  dividing  by  2,  the  decimal  is  infinite,  and,  as  six  9s  were 
used,  the  circulate  consists  of  6  places,  beginning  at  the  fifth  place, 
because  four  2s  were  used  in  dividing. 

2.  Let  yy  be  the  fradllon  proposed. 

3.  Let  y  be  the  fraction  proposed. 

ADDITION  OF  CIRCULATING  DECIMALS. 

Rule. — 1.  Make  the  repetends  similar  and  conterminous ^  and  find 
their  sum  as  in  «,ommon  addition. 

2,  Divide  this  sum  (oT  the  repetends  only)  by  so  many  nines  as 
there  are  places  in  the  repetend,  and  the  remainder  is  the  repetend  of 
their  sum  ;  which  must  be  set  under  the  figures  added,  with  cyphers 
on  the  left  hand,  when  it  has  not  so  many  places  as  the  repetends, 

3.  Carry  the  quotient  of  this  division  to  the  next  column,  and  pro- 
ceed  with  the  rest  as  infinite  decimals. 

Examples. 

1  :  and  fince  999,  &c.  is  lefs  than  1000,  &c.  by  1,  therefore  999,  &c.  divided  by 
any  number  whatever,  will,  when  the  repeating  figures  are  at  their  period,  leave 
0  for  a  remainder. 

Now,  whatever  number  of  repeating  figures  we  have,  when  the  dividend  is  I, 
there  will  be  exat^ly  the  fame  number,  when  the  dividend  is  any  other  number 
whatever. 

Thus,  let  -39053905.3905,  &c.  be  a  circulate,  whofe  repeating  part  is  .3905. 
Now,  every  repetend  (3905,)  being  equally  multiplied,  mud  give  the  fame  pro- 
dm^  :  For  although  thefe  produc^is  will  confifl  of  more  places,  yet  the  overplus  in 
.each,  being  alike,  will  be  carried  to  the  next,  by  which  meana,  each  produtSl  will 
be  equally  increafed,  and  confequently  every  four  places  will  continue  alike.  And 
the  fame  will  hold  for  any  other  number. 

Now  from  hence  it  appears  that  the  dividend  may  be  altered  at  pleafure,  and 

the  number  of  places  in  the  repetend  will  ftill  be  the  fame;  thus,  J—  =-09  ;  and  J*  , 
or  ^  X4='3e,  whence  the  number  of  places  in  each  are  alflce. 


SUBTRACTION  OF  CIRCULATING  DECIMALS.  30'? 
Examples. 

L  Let  5-3-i-59-4356+397*6+519+-39+217-5  be  added  together, 

5-3         =      5-3333333 

59-4356  =  59-4356356 

397-6    =  397-6666666 

519-     =  519-0000000 

•39   =    -3939393 

217-5        ==  217-5555555 


1199-3851303 

1199-3851305  the  sum. 
In  this  question,  the  sum  of  the  repetends  is  2851303,  which  di- 
vided by  999999,  gives  2  to  carry  to  the  next  column  5,3,0,  &c.  and 
the  remainder  is  851305. 

2.    Let  3275-319f36-45+123-19+5-3173+112-3513+ll-131+-125 

+29- 10053  be  added  together.  Ans.  3593-00042. 

SUBTRACTION  OF  CIRCULATING  DECIMALS. 

Rule. 

Make  the  repetends  similar  and  conterminous y  and  subtra^  as  usual, 
observing,  that  if  the  repetend  of  the  number  to  be  subtracted  be 
greater  than  the  repetend  of  the  number  it  is  to  be  taken  from,  then 
the  right  liand  of  the  remainder  must  be  less  by  unity  tlian  it 
would  be  If  the  expressions  were  finite. 

Examples. 

1.  From  57*03  take  29-73587 
57-03         =  57-03030 
23-73587  =  29-73587 


27-2<)i42  tlie  difference. 

2.  From  325-17  take  137-581  fi.  Ans.   1S7-5957. 

MULTI  PLICA  TION 


gO»  ALLIGATION. 

MULTIPLICATION  OF  CIRCULATING  DECIMALS. 
Rule. 

1.  Turn  both  the  terms  into  their  equivalent  vulgar  fraaions,  and 
find  the  product  of  those  fradions  as  usual. 

2.  Turn  the  vulgar  fraftion,  expressing  the  produft,  into  an  equiv- 
alent diecimal  one,  and  it  will  be  the  produdt  required. 

Examples. 

1.  Multiply '54  by -15.     '54  =  J4  =  /^anci -15  =  i*  =^ 
TT  X  :jV  ^  w?T  =  O^^  the  produa. 

2.  Multiply  378-5  by  23-6.  Ans.  8959-148. 

DIVISION  OF  ClMtJLAflNG  DECIMALS, 
Rule. 

1.  Change  both  the  divisor  and  dividend  into  their  equivalent  vul- 
gar fraftions,  and  find  their  quotient  as  usual. 

2  Turn  the  vulgar  fradion,  expressing  the  quotient,  into  its  equiv- 
^ent  decimal,  and  it  will  be  the  quotient  requiretJ. 

Examples, 

1,  Divide -54  by  -15. 

•54  =  f4  =  Aand-15  =  |^  =  ^ 

TT-^^  =  TT  X  V  =  Vt  =  3tt  =  3-506493  tlie  quotient. 

2.  Divide  345-8  by  Q,  Ans.  518'83. 


ALLIGATION  * 

IS  the  method  of  mixing  two  or  more  simples  of  different  quali- 
ties, so  that  the  composition  may  be  of  a  mean  or  middle  quality  ; 
It  consists  of  two  kinds,  viz.  Alligation  Medial,  and  Alligation  Al- 
terniite. 

ALLIGATION  MEDIAL 

Is,  when  the  quantities  and  prices  of  several  things  are  given,  to 
find  the  mean  price  of  the  mixture  compounded  of  those  things. 

Rule. 

As  the  sum  of  the  quantities,  or  the  whole  composition,  is  to  their 
total  value ;  so  is  any  part  of  the  composition  to  its  mean  price  or 

^XAMpL«V, 


ALLIGATION  ALTERNATE. 
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t 


XAMPLES. 


I.  A  Tobacconist  would  mix  60lb.  of  tobacco,  at  6d.  per  lb.  with 

501b.  at  Is.  401b.  at  Is.  Gd.  and  30lb.  at  2-.  per  lb.  :  What  is  lib.  of 
this  mixture  worth  ? 

lb.         s.     d.      /*.  s.  lb.       /;.     lb. 

GO    at   0     6  is   1    10  As  !  80  :   10  :   ! 

50  —  1      0  —  2   10  ! 

40—16—30  — 

30  —  2     0  —  3     0 


Sum  of  the 
simples; 


"1 


180  Total  value  10     0 


10 
20 

1 80)200' Is. 
180 


20 

180)240riid.  s.  d. 

180  Ans.  1    l^pr.lb. 

60 

2.  A  farmer  would  mix  20  bushels  of  wheat  at  D.  1  per  bushel,  ]§ 
bushels  of  rye  at  75c.  per  bushel,  12  bushels  of  barley  at  50c.*  per 
bushel,  and  8  bushels  of  oats  at  40c.  per  bushel :  What  is  the  val- 
ue of  one  bushel  of  this  mixture  ?  Ans.  73c.  54m. 

3.  A  wine  merchant  mixes  12  gallons  of  wine,  at  75c.  per  gal- 
lon, with  24  gallons,  at  90c.  and  16  gallons  at  D.l  10c.  :  What  is 
a  gallon  of  this  composition  worth  ?  Ans.  92c.   6m. 

4.  *^  goldsmith  melted  together  8oz.  of  gold  of  22  carats  Hne, 
lib.  8o'Z.  of  21  carats  fine,  and  lOoz.  of  18  carats  fine  :  Pray  what  is 
the  quality,  or  fineness  of  the  composition  ? 


8X22+20X21+10X18 


20j^^- carats  fine,  Ans. 


8+20+10 
5.  A  refiner  melts  .5lb.  of  gold  of  20  carats  fine  with  8lb.  of  1 8 
carats  fine  :    How  much  alloy  must  be  put  to  it,  to  make  it  *22  caiats 

fine?  — — 

22  -5X20+8X  18-^5+8  =  SfV 
Answer,    It  is  not  fine  enough  by  :ijj  ^  carats,  so  that  no  alloy  must 
be  added,  but  more  gold. 

jILLIGATION  ylLTERN/lTE* 

Is  the  method  of  finding  what  quantity  of  each  of  the  ingredients, 
whose  rates  are  given,  will  coniiX)se  a  mixture  o{  a  given  rate  :  So 
ihat  it  is  the  reverse  of  Alligation  Medial,  and  may  be  proved  by  it. 

CASE 


^  Demon,  By  conncdling  the  lefs  rate  with  the  grcitcr,  and  placing  the  ditFer- 
ence  between  ihcni  and  tlie  me.m  rate  ahcrnatcly,  or  duo  alter  the  other  in  turn, 
the  quiuititics  reliiltin^v  ^^^  Inch,  that  there  is  precilcly  as  much  gained  by  one 
quantity  as  is  loft  hy  the  other,  and  therefore  the  gain  and  iol&,  upon  the  whole, 
Sre  e<JUiU,  and  are  exac'llv  the  propulVd  rate.  In 


SiO  ALLIGATION  ALTERNATE. 

CASE  L 

The  whole  work  of  this  case  consists  in  linking  the  extremes  truly 
together  and  taking  the  differences  between  them  and  the  mean  price, 
which  differences  are  the  quantities  sought. 

Rule — \.  Place  the  several  prices  of  the  simples,  being  reduced 
to  one  denomination,  in  a  column  under  each  other,  the  least  upper- 
most, and  so  gradually  downward,  as  they  increase,  witli  a  line  of 
conne(5lion  at  the  left  hand,  and  the  mean  price  at  the  left  hand  of  all. 

2.  Conned,  with  a  continyed  line,  the  price  of  each  simple,  or  in- 
gredient, which  is  less  than  that  of  the  compound,  with  one  or  any 
number  of  those,  which  are  greater  than  the  compound,  and  each 
greater  rate  or  price  with  one  or  any  number  of  the  less. 

3.  Place  the  difference,  between  tlie  mean  price  (or  mixture  rate) 
and  that  of  each  of  the  simples,  opposite  to  Ihe  rates  with  which 
they  are  conne<5led. 

4'.  Then,  if  only  one  difference  stand  against  any  rate,  it  will  be 
the  quantity  belonging  to  that  rate ;  but  if  there  be  several,  tlieif 
sum  will  be  the  quantity. 

Examples. 
1.  A  merchant  has  spices,  some  at  Is.  6d.  per  lb.  some  at  2s.  some 
at  4s.  and  some  at  5s.  per  lb. :  How  much  of  each  sort  must  he  mix 
that  he  may  sell  the  mixture  at  3s.  4d.  p^r  lb.  ? 

d.        lb.      s.  d.  d.        lb,      s.  d. 


Mean 
rate  40d 


fl8.^20atl67  r^^'N      8  at  16") 

240\  8  —  2  0  (  ,,  .^ ,  )  -^^-O  20--  2  0  (  "S 
4^)  ;i6-.4  0tP^^^^-*«^'i48-^  22-4  of  ^ 
GO-^22— 5  oj  L60^    16  —  5  OJ  * 


In  like  manner,  let  the  number  of  fimples  be  what  it  may,  and  with  how  many 
Ifoever,  each  one  is  hnked,  fmce  it  is  always  a  lefs  with  a  greater  than  the  mean 
price,  there  will  be  an  equal  balance  of  lofs  and  gain  between  every  two,  and 
conlequently  an  equal  balance  on  the  whole. 

It  is  obvious  from  the  rule,  that  queflions  of  this  fort  admit  of  a  great  variety 
of  anfwers  ;  for  having  found  one  anfwer,  yfe  may  find  as  many  more  as  we  pleafe, 
by  only  multiplying  or  dividing  each  of  the  quantities,  found  by  2,  3,  4,  &c.  the 
reafon  of  which  is  evident ;  for  if  t\vp  quantities  of  two  fimplee  make  a  balance 
of  lofs  and  gain  with  refpeA  to  the  mean  price,  fo  muft  alfo  the  double  or  triple, 
the  half  or  third  part,  or  any  other  ratio  of  thefe  quantities,  and  fo  on  ad  i/tfnitum. 

If  any  one  of  the  fimples'be  of  little  or  no  value  with  refpea:  to  the  reft,  its 
rate  is  fuppofed  to  be  nothing,  as  water  mixed  with  wine,  and  alloy  with  gold  and 
filver.  ^ 
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Note.  These  seven  answers 
arise  from  as  many  various 
ways  of  linking  the  rates  of  the 
ingredients  together. 

2.  *A  merchant  has  Canary  wine,  at  3s.  per  gallon.  Sherry,  at  2s. 
Id.  a  id  Claret  ac  Is.  5d.  per  gallon  :  How  muc];i  of  each  sort  must 
he  talvC,  to  sell  it  at  2s.  4d.  per  gallon  ? 

(•36^  3+-11  Hats  01 
Mean  rate  28d.4  25^)  8  8     2   1  [-per  gallon. 

(.17-^  8  8     1   53 

3.  How  much  barley  at  40c.  rye  at  6()c.  and  wlieat  at  00c.  per 
bushel,  must  be  mixed  together,  that  the  compound  may  be  vvortk 
62ic.  per  bushel  ? 

Ans.    I7i  bushels  of  barley,    17i  of  rye,  and  2.>  of  wheat. 

4.  A  goldsmith  would  mix  gold  of  19  carats  fine,  with  some  of  ,16, 
13,  23  and  24  carats  fine,  so  that  the  compound  may  be  21  carats 
fine  :  What  quantity  of  each  must  he  take  ? 

Ans.  5oz.  of  16  carats  fine,  5oz.  of  J  8,  5oz.  of  19,  lOoz.  of  23,  and 
lOoz.  of  24  carats  fine. 

5.  It  is  required  to  mix  several  sorts  of  wine,  at  60c,  90c.  and  D.I 
15c.  per  gallon,  with  water,  that  the  mixture  may  be  worth  75c,  per 
gallon  :  Of  how  much  of  each  sort  must  the  composition  consist  ? 

Ans.  40  galls,  of  water,  15  galls,  of  wine,  at  60c.  15  galls,  do.  at  90c. 
and  75  galls,  do.  at  D.l  15c, 

CASE  n. 

V/hcn  the  rates  of  all  the  ingredients,  the  quantity  of  hut  one  of  them^ 
/     and  the  mean  rate   of  the   ivhole  mixture  are  gi'veriy  to  find  the   several 

quantities  of  the  rest,  in  proportion  to  the  quantity  gitjen. 

Rule, 

Take  the  differences  between  each  price,  and  the  mean  rate,  and 
place  them  alternately,  as  in  Case  1.  Then,  as  the  difference  stand- 
ing against  that  simple,  whose  quantity  is  given,  is  to  that  quantity, 
so  is  each  of  the  other  differences,  severally,  to  tlie  several  quantities 
required. 

Examples'.   W 
1.  A  merchant  has  40lb.  of  tea,  at  Gs.  per  lb.  which  he  would  mijc 
with  some  at  5s.  8d.  some  at  5s.  2d.  and  some  at  4s.  6d.  :  How  much 
of  each  sort  must  he  take,  to  mix  with  the  40Il>.  that  hr  ir.,"-    -^^  •' - 
mixture  at  5s.  5d,  per  lb.  ? 

lb. 


pt^,^    7+3    10 

^-)62.^A    3+7     10 
^^^16S^V    3+1  An4 
(.72^  11+3  |l4  sta 


stands  against  the  given  qu.intity. 

A':- 

*   ^ioU^  the  'Jd.  and  J3d.  qiipflions  admit  but  of  one  way  of  linkln^^,.-»nd  fo  ' 
.ne  aiifwcr  ;  ytt  all  numbers  iit  tht   fame  propcution    betwrcn    thcmfclvts. 
•umhers,  which   c»mpofe   xlia  wiWer,  wiH  li^tpwh?    fnti^fv  the  condition  of  the 
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lb.   lb.      s.  a. 

JO:  2H^-^  at4  6] 
As  U  :  40  ::  4  10  :  28^1.  —F,  2  }^  per  lb. 


fJO:  2Sy?^  at4  61 

::  i  10  :  28^\-  —5  2  ^ 

(l4.  :4.0      —5  8  J 


2.  A  farmer  being  determined  to  mix  20  bushels  of  oats,  at  60c.  pe:- 
bushel,  with  barley,  at  7.>c.  rye,  at  D.l,  and  wheat,  at  D.  I  '25c.  per 
bu'.hel  ;  I  demand  the  quantity  of  each,  which  must  be  mixed  with 
tlie  20  bushels  of  oats,  that  the  whole  quantity  may  be  worth  9()c.  per 
bushel  ?  Ans.  70  of  barley,  60  of  rye,  and  30  of  wheat,  (or  20 
of  each. ) 

3.  How  much  gold  of  16,  20  and  24-  carats  fine,  and  how  much 
alloy,  must  be  mixed  with  10  oz.  of  18  carats  fine,  that  the  composi- 
tion may  be  22  carats  fine. 

Ans.   lOoz.  of  16  carats  fine,  10  of  20,  170  of  24*,  and  10  of  alloy. 

Alternation  Total.* 

CASE  III. 

IVhen  the  rates  of  the  several  ingredients ^  the  quantity  to  he  cowpoundetU  and 
the  mean  rate  of  the  nvhole  mixture  are  given j  to  find  hoiv  much  of  each 
sorty  ivill  make  up  the  quantity. 

Rule. 

Place  the  differences  between  the  mean  rate,  and  the  several  prices 
alternately,  as  in  Case  1  ;  then,  as  the  sum  of  the  quantities,  or  differ- 
ences thus  determined,  is  to  the  given  quantity,  or  whole  composition  ; 
so  is  the  difference  of  each  rate,  to  the  required  quantity  of  each  rate. 

Examples, 

1.  Suppose  I  have  4-  sorts  of  currants,  at  8d.  12d.  ISd.  and  22d. 
per  lb.  ;  the  worst  will  not  sell,  and  the  best  are  too  dear  ;  I  there- 
fore conclude  to  mix  120lb.  and  so  much  of  each  sort  as  to  sell  them 
at  16d.  per  lb.  ;  hov.-  much  of  each  sort  must  I  take  ? 

16d, 

*  To  this  Cafe  belongs  that  curious  qneftion  concerning  king  Hiero's  crown. 

Hiero,kingof  Syracufe,  gave^rders  for  acrown  tobe  made,  entirely  of  pure 
gold  ;  but  fufpedling  the  worlcHfen  had  debafed  it,  by  mixing  with  it  iilver  or  cop- 
per, he  recommended  the  dlfcovcry  of  the  fraud  to  the  famous  Aixhimides,  and  de- 
fired  to  know  the  exacfl  quantity  of  alloy  in  the  crown. 

Archimides,  in  order  to  detect  the  impofitipn,  procured  two  other  mafTes,  one 
of  pure  gold,  and  the  other  of  fdver,  or  copper,  and  each  of  the  fame  weight  with 
the  former:  and  by  putting  each  feparately  into  a  veffel/w// of  water,  the  quantity  of 
water  expelled  by  them,  determined  their  fpecitlck  bulks  ;  from  which,  and  their 
given  weightSj  it  is  eafier  to  determine  the  quantllics  of  gold  and  alloy  in  thr 
crown  by  this'^cafe  of  Alligation,  than  by  an  Algebraick  proccfs. 

Suppofc  the  weight  of  each  niafs  to  have  been  5lb.  the  weight  of  the  water  ex- 
pelled by  the  alloy,  2.'5az.  by  the  gold,  13oz.  and  by  the  crown  IGoz.  that  is,  tha' 
;helr  fpccifickbulk-s  were  as  23,  IS,  and  IG  ;  then,  what  were  the  quandties  of 
gold  and  alluy  refpecftiveiy  in  the  crown  ? 

Here,  the  rates  of  the  fimplcs  arc  23  and  13,  and  of  the  compound    IG,  whence^^ 

'.     5^  1S~'\7  of  goid'^  Andthefum  of  thcfe  is   7-}- 3= 10,  which    fliould  have' 

^    ^23 y  3  of  alloy  ^      been  but  5,  whence,  by  the  rule, 
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d.        lb.  lb.    lb. 

f8--\  6  r(>  ;  36  at    Sd.*) 

12-nA2         lb.  lb,      J2:  12~.12d./^^   .. 

18^  Ji  As  20  :  120  ::1  4  :  24-  18d.  f  P^'  ^^'• 
22-^  8  (,  8  :  48  —  22d- J 

Sum=20  120 

2.  A  goldsmith  has  several  sorts  of  gold  ;  viz.  of  15,  17,  20   and 
22  carats  fine,  and  would  melt  together,  of  all  these  sorts,  so  much  as 
may  make  a  mass  of  40oz.  18  carats  fine  ;  how  much  of  each  sort 
is  required  ? 
Ans.  16oz.  15  carats  fine,  8oz.  17,  4oz.  20,  and  l2oz.  of  22  carats  fine. 

8.  A  merchant  would  mix  4-  sorts  pf  wine,  of  several  prices,  viz. 
at  75c.  ID.  25c.  ID.  50c.  and  ID.  G2tc.  per  gallon  ;  of  these  he 
would  have  a  mixture  of  60  gallons,  worth  7s.  per  gallon  ;  what 
quantity  of  each  sort  must  he  have  ? 

Ans.  8  at  75c.  IGat  ID.  25c.  40  at  ID.  50c.  and  8  at  ID.  624c. 
Or,  16  at  75c.  8  at  fD.  25c.  8  at  I'D.  50c.  a'nd  40  at  ID.  62tc. 

4.  How  ihany  gallons  of  water,  of  no  value,  must  be  mix:ed  with 
wine,  at  4s.  per  gallon,  so  as  to  fill  a  vesssl  of  80  gallons,  that  may 
be  afforded  at  2s.  9d.  per  gallon  ?  • 

Gal. 

„„  C   0A5  Gal.  GaL       Gal. 

^    l'^'^'        As  48  :  80  ::    ill'' I'  g^"-^  ^^-^^^-"l  Ans, 
—  (_  33  :  55  gallons  of  wine,  y 

Sum  48 

CASE  IV.* 

IVhen  more  than  one  of  the  simples  are  limited. 

Rule. 

Find,  by  Alligation  Medial,  what  will  be  the  rate  bf  a  mixture  made 
oi  the  given  quantities  of  the  limited  simples  orlly  ;  then,  consider  this' as 
the  rate  of  a  limited  simple y  whose  quantity  is  tliC  sum  of  the  first  given 
limited  simples,  from  which,  and  the  rates  o{  the  unlimited  simpler,  by  Case 
2d.  calculate  the  quantity.  .     '  ^ 

ExAMl*Lrs. 

1.  How  much  wine,  at  80c.  and  at  871^. !»-»  gallon,  must  be  mixed 
with  8  gallons  at  75c.  and  12  galls,  at  90c.  per  gallon,  that  the  mix- 
ture may  be  worth  82^0.  per  gallon  ? 

Linmed  simple,  -f  ,^S^')°"*'  "'  "'•  =  ^".^  „„    I 
1 1 2  gallons,  at  90     =:       10  80c.  j 


20  IG  80 

Gal.     D.   c.     Gii     .. 
As  20  ;  16  80  .:    I    ;  S4  per  gallon. 


Now, 


*  1  he  three  lafk  Cafes  need  no  dcmonftration,  as  the  2d.  and  Sd.  Evidently  refult 
»oaa  the  firft,  and  t]te  lall,  from  AUigation  Mtdial,  aftd  the  fecohd  Cafe  in  Alternate, 
2...Q 
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Now,  having  found  the  rate  of  the  limited  simples,  the  questiofi 
may  stand  thus  :  How  much  wine,  at  80c.  and  87ic.  per  gallon,  must 
be  mixed  with  20  gallons  at  Sic.  per  gallon,  that  the  mixture  may  be 
worth  82tc.  per  gallon  ? 

("80    ^.      1^+5     6-J- gallons,  at  80c. 

82^84.   ^)    2i-         2^ 84 

l87i-^     2^         21 87^ 

As  21  :  {g}  ::  20  :  [^  S^--^^ -^  f^-  pergallon.  J  ^^^^^^^^ 

Proof. 

52         gallons  at  80c.         .-..  D.41     60c. 

20        ' 87i          -  17     50 

8           —: — --^75           :.  -     6 

12           90  10     80 


02  — ^ 82^         ^  75     90 

2.  How  much  gold,  of  14  and  16  carats  fine,  must  be  mixed  wiih 
6  oz.  of  19,  and  I'i  of  22  carats  fine,  that  the  composition  may  be  20 
carats  fine  ?  Ans.   l^^  oz.  of  each  sort. 


POSITION. 

POSITION  is  a  rule,  which,  by  false  or  supposed  numbers,  taken 
at  pleasure,  discovers  the  true  ones  required.  It  is  divided  into  two 
parts  ;  single  and  double. 

SINGLE- POSITION. 

Single  Position  teaches  to  resolve  those  questions,  whose  results  are 
proportional  to  their  suppositions  :  such  are  those  which  require  the 
multiplication  or  division  of  the  number  sought  by  any  proposed  num- 
ber ;  or  when  it  is  to  be  increased  or  diminished  by  itself  a  certain 
proposed  number  of  times.    +,.  .\,^, 

Rule.*- — 1.  Take  any  number,  and  perform  tlie  same  operations 
with  it  as  are  described  to  be  performed  in  the  question. 

2.  Then  say,  as  the  sum  of  the  errours  is  to  the  given  sum,  so  i'- 
the  supposed  number,  to  the  true  one  required. 

Proof.  Add  the  several  parts  of  the  sitm  togetlier,  and  if  it  agrees 
with  the  sum,  it  is  right. 

Examples. 

*  The  reafnn  of  this  rule  is  obvious,  it  being  evident  that  the  refultsare  proper 
fional  to  the  fuppofitions, 


Thus,<{^  «  n 

—  + — &C  ;  »  ::  —  +.  -^  &c. :  <r,  and  (o  twu 

\^  n        m  n  m 
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Examples. 

{.  A  school-master,  being  asked  how  many  scholars  he  had,  said, 
If  I  had  as  many  more  as  I  now  have,  three   quarters   as  many,  half 
as  many,  one  fourth  and  one  eighth  as  many,  I  should  then  have  435  : 
Of  what  number  did  his  school  consist  ? 
Suppose  he  had  80  5^       As  290  :  435  ::  80 
As  many  =80  8-0 

^s  many  =60  120 

|%smany=40  29|0)3480|0il20  Ans.  120 

^  as  many  =  20  ♦    29  90 

i  as  many  =10  60 

♦   •        58  30 

290  58  15 

0  435  Proof. 

2.  A  person  lent  his  friend  a  sum  of  nponey  unknown,  to  receive 
interest  for  the  same  at  6  per  cent,  per  annum,  simple  interest,  and, 
at  the  end  of  12  years,  received  for  principal  and  Interest  86OD.  : 
What  was  tlie  sum  lent  ?  '  Ans.  D.500. 

3.  A,  B  and  C  joined  their  stocks,  and  gained  D.353  12ic.  of  which 
A  took  up  a  certain  sum,  B  took  up  four  times  so  much  as  A,  and  C, 
five  times  so  much  as  B  :  What  share  of  the  gain  had  each  ? 

CD.   14   12ic.  A's  share. 

Ans.-L       56  50        B's  share. 

C     282  50        C's  share. 

4.  A,  B,  C  and  D  spent  35s.  at  a  reckoning,  and,  being  a  little 
dipped,  they  agreed  that  A  should  pay  f,  B  ^,  C  |,  and  D  ^  :  What 
did  each  pay  in  tlie  above  proportion  ?  s.  d. 

A,   13  4 


!A,  13  4 
B,  10  0 
C,      6* 


5.  A  certain  sum  of  money  is  to  be  divided  between  5  men,  in  such 
a  manner  as  that  A  shall  have  |,  B  |,  C  y  5,  D  ^V*  i""»cl  E  the  remain- 
der, which  is>C-40  :  What  is  the  sum  ? 

Suppose  200I.  then  ^Hf-ro+y'^  =  120. 

200—120=80.     As  80  :  40  ::  200  :    100   Ans. 

6.  A  person,  after  spending  \  and  \  of  his  money,  had  2611.  left : 
What  had  lie  at  first  ?  Ans.£A60. 

7.  A  and  B,  talking  of  their  ages,  B  said  his  age  was  once  and  an 
half  the  age  of  A  ;  C  said  his  was  twice  and  one  tenth  the  age  of 
both,  and  that  the  syigL^f  their  ages  was  93  :  What  was  the  age  of 
each?      ,  ^^  Ans.  A'^^s  12,   B's  18,  and  C's  63  years. 

8.  A. vessel  has  3  cocks,  A,  B  and  C  j  A  can  fill  it  in  ^  an  hour, 
B  in  I  of  an  hour,  and  C  in  j  of  an  hour  :  In  what  time  will  r liey  all 
fill  it  together  ?  Ans.  J  hour. 

9.  A  person  huvin^  about  him  a  certain  number  of  dollars,  said 
that  4,  I,  '  uul  .',  of  them  \\tiRd  make  57:  Pr;n',  how  many  had 
he>  -  Ans.  60. 

10.    A 
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10.  A  gentleman  bought  a  chaise,  horse  and  harness,  for  500D. 
tlie  horse  cost^  roore  than  the  harness,  and  the  chaise  §■  more  tlian 
the  horse  :  What  was  the  price  of  each  ? 

f  Harness  I27D.  65c.  9j.^m. 
Ans.^Horse      159       57      4|^ 
(.Chaise     212       76      5j4 

1 1.  A  and  B,  having  found  a  purse  of  money,  disputed  who  should 
have  it  f  A  said  that  ]-,  Vo  and  ^V  «^  it  amounted  to  £.35,  and,  if  B 
could  tell  him  how  much  was  in  it,  he  should  have  the  whole,  iU^er- 
wise  he  should  have  nothing  :  How  much  did  the  purse  contain  ? 

Ans.  /.Moo. 

12.  A  gentleman  divided  his  fortune  among  his  sons  ;  to  A  he 
gave  9D.  as  often  as  to  B  5D.  and  to  C  b^t  3D.  as  often  as  to  B  7D. 
yet  C's  portion  came  to  1059D.  ;  What  was  the  whole  estate  ? 

Ans.  7979D.  SOc. 

13.  Seven  eighths  of  a  certain  number  exceeds  four  fifths  by  6  : 
Wh»t  is  that  number  >        *  Ans.  80. 

14.  What  number  is  that,  which,  being  increased  by -1,1- and  J  of 
itself,  the  sum  will  be  234|  ?  Ans.  90, 

DOUBLE  POSITION, 

Double  Position  teaches  to  resolve  questions  by  making  two  sup- 
positions of  false  numbers. 

Those  questions,  in  which  the  results  are  not  proportional  to  their 
positions,  belong  to  thi»  rule  :  such  are  those,  in  which  the  number 
sought  is  increased  or  diminished  by  some  given  number,  which  is  no 
know^n  part  of  the  number  required. 

Rule.* 
1.  Take  any  two  convenient  numbers,  and  proceed  with  each  ac- 
cording to  the  conditions  of  the  question. 
A  2.  Place  the  result  or'errours  against  their  positions  or  supposed 
^^  fl|  Pos.         Err. 

^  30^-^12 

numbers,  thus,      ll^        and  if  the  errourbetoo  great,  mark  it  with 

20^-*-   6 
+  ;  and  if  too  small  with  — .  S.  Multiply 

♦  The  rule  is  founded  on  this  fuppofition,  that  the  firft  errour  is  to  the  fecond, 
as-  the  difference  between  the  true  and  firft:  fuppofed  number  is  to  the  difference 
between  the  true  and  fecond  fuppofed  number  :  When  that  is  not  the  cafe,  the  ex- 
act anfwer  to  the  queftion  cannot  be  found  by  this  rule. 

That  the  rule  is  true  according  to  the  fuppofition,  may  be  thus  demonftratedr 

Let  A  and  B  be  any  two  numbers  produced  from  a  and  l>  by  fimilar  operations, 
it  is  required  to  find  the  number  from  which  N  is  produced  by  a  like  operation. 

Put  X  =  number  required,  and  let  N — A—r,  and  N — B=s.  Then,  according- 
to  the  fuppofition  on  which  the  rule  is  founded,  r :  s  ::  x — a  :  x — i,  whence,  by 
multiplying  means  and  extremes,  rx — rl>=:s^ — sa  ;  and  by'tranfpoution,  rx — sx=: 

rh — sa  ;  and  by  divifion,  x  = =  number  fought ;  and  if  /•  and  s  be  both  neg- 

r — s                                                                                   rb-^sa 
ative,  the  Theorem  is  the  fame,  an^l  if  r  P^iJ^^  negative,  «f  v/ill  be  equhl  to  r-  

Vj'hi^h  is  the  rule. 
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3.  Multiply  them  crosswise  ;  that  is,  the  first  position  by  the  last 
errour,  and  the  last  position  by  the  first  errour. 

4.  If  the  errours  be  alike,  that  is,  both  too  small  or  both  too  great, 
divide  the  dilFerence  of  the  products  by  the  difFerence  of  the  errours, 
and  the  quotient  will  be  the  answer. 

5.  If  the  errours  be  unlike  ;  that  is,  one  too  small,  and  the  other  too 
great,  divide  tlie  sum  of  the  produfts  by  the  sum  of  the  errours,  and 
the  quotient  will  be  the  answer. 

Note.  When  the  errours  are  the  same  in  quantity,  and  unlike  iv. 
quality,  half  the  sum  of  the  suppositions  is  the  number  sought. 
'  "*  Examples. 
1.  A  lady  ]jjpught  damask  for  a  gown,  at  8s.  per  yard,  and  lining 
for  it  at  3s.  per  yard  ;  the  gown  and  lining  contained  15  yards,  and  the 
price  of  the  whole  was  31.  10s.  :  How  many  yards  were  there  of 
each  ? 

Suppose  6  yards  damask,  value  48s. 
Then  she  must  have  9  yards  lining,  value  27s. 

Sum  of  their  values  =  75s. 

So  that  the  first  errour  is  5  too  much,  or  4-  5 

Again,  suppose  she  had  4  y^^ds,  of  damask,  value  32s. 

Then  she  iHiust  have  11  yards  of  lining,  value  33s. 

Sum  of  their  values  =  65s. 
So  that  the  second  errour  is  5  too  little,  or  —     5s. 

6.^^54-  £.  s.  d.  4 

Then      11^  5  yards  at  8s.  =  2     0  0 

4-^^5-«.     1 0  yards  at  3s.  =  I    10  0 


20         30  3   10  0  proof. 

20 


Sum  of  errours  =.  5+5  =  10)50 


* 


Ans.    5  yds.  damask^and  15-5=10  yds.  lining. 
Or,  6+4-^2=5  as  before. 

2.  A  and  B  have  the  same  income  j  A  saves  \  of  his  j  but  B,  by 
spending  30l.  per  annum  more  thaw  A,  at  the  end  of  8  years  finds 
himself  40l.  in  debt ;  what  is  their  income,  and  what  does  each  spend 
per  annum  : 

r  80^^  120+  Ans.  Their  income  is  2001. per  annum. 
Suppose  \  1^ 

(.160-^^  40+  Also,  A  spends  1751.  and  B  2051.  per  an- 
num. Then,  80 — I  0=70  A's  expense  per  annum,  and  704-v^0~ 
100,  B's  expense  per  annum.  Then  100X8 — 80X8-160,  which 
should  have  been  40;  therefore,  160— 40=120  more  than  it  should 
he,  lor  the  first  errour.     In  like  manner  proceed  for  the  second  errour. 

3.  A  and  B  laid  out  equal  sums  of  money,  in  trade  :  A  gained  a 
lum  equal  to  ^  of  his  stock, ^g|^^ost  1).225,  then  A*s  money  was 
double  thnt  of  B  :  What  dic^^Hfe^t.^ 

Suppose 


il  sums  ot  mor 

,^gyMost  i: 
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vSupposeJ  2^  A:is.D.oOO. 

4.  A  labourer  was  hired  for  60  diiys,  upon  tliis  condition,  that, 
for  every  day  he  wrought,  he  should  receive  75c.  ;  and  for  every  day 
he  was  idle,  should  forfeit  37^c. ;  at  the  expiration  of  the  time  he 
received  i^AB  :  How  many  days  did  he  work,  and  how  many  was 
lie  idje  ? 

r20  13- 

Suppose  he  worked  <         X     ^    ., 
t40^-*"484- 
Ans.  He  was  employed  36  days,  and%as  idle  24. 

5.  A  gentleman  has  two  horses  of  considerable  value,  and  a  car- 
riage worth  I  OOl. ;  now  if  the  first  horse  be  harnessed  in  it,  he  and  the 
carriage  together  will  be  triple  the  value  of  the  second  ;  but  if  the 
second  be  put  in  they  will  be  7  times  the  value  of  the  first :  What  is 
the  value  of  each  horse  ? 

32^^    80— 
Suppose         ^1^  Ans.  One  20l.  and  the  other  40l. 

44^-^  160-.|^ 

6.  There  is  a  fish,  whose  head  is  1 0  feet  long  ;  his  tail  is  as  long 
as  his  head  and  half  the  length  of  his1[)ody,  and  his  body  as  long  as 
the  head  and  tail :  What  is  the  whole  length  of  the  fxsh  ? 

Head=.l0 

First,  suppose  the  body  20  ^  ^  1 0 —        Tail  =  30 

V  Body  =  40 

2d.  suppose  it  30-^ -^    5 —  — 

•  Ans.  80  feet. 

7.  What  number  is  that,  which,  being  increased  by  Its -l-j  its  |-, 
^d  5  more,  will  be  doubled  ? 

8  3+ 

Suppose       "X 

16-^^1+  Ans.  20., 

8.  A  farmer,  having  driven  his  cattle  to  market,  received  for  them 
all  D.320,  being  paid  at  the  rate  of  D.24  per  ox,  D.16  per  cow,  and 
D.6  per  calf ;  there  were  as  many  oxen  as  cows,  and  4  times  as  ma- 
ny calves  as  cows  :  How  many  were  there  of  each  sort  ? 

6  64+ 

Suppose  cows       \^ 

12^      448+     Ans.  5  oxen,  5  cows,  and  20  calves. 

9.  A,  B  and  C  built  a  ship,  which  cost  them  D.5000,  of  which  A 
paid  a  certain  sum,  B  paid  D.500  more  than  A,  and  C  D.500 
more  than  both  ;  having  finislied  her,  they  fixed  her  for  sea,  with  a 
cargo  worth  twice  the  value  of  the  ship  :  The  outfits  and  charges  of 
tlie  voyage,  amounted  to  ^  of  the  ship  ;  upon  the  return  of  which, 
they  found  their  clear  gain  to  he^^^^of  the  vessel,  cargo  and  ex- 
penses :  Please  to  inform  m^M^^Hship  cost  them,  severally  ; 
xvhat  share  each  had  in  })er,|(^HBHTLif)on  the  final  adjustment  of 
d:e:r  accampts,  they  had  severaJ^lJKed  ?  Suppose 
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500_^  1500— 
Suppose.it  cost, A  yC 

^' ^[_  r,-     1000-^^500+ 
Aiis.   A  owned  /„-  oftthe  ?hip,  which  cost  him   D.B75,  and  his 
share  of  the  gain,  was  D.  1093  75c.  B  <iwned  -j^,  which  cost  D.1375, 
and  his  gain  was  D.17I  8  7oc.  C  owned  5^-,  which ,cost  D.2750,  and 
his  gain  was  D.3437  50c. 


PERMUTATIONS  AND  COMBINATIONS. 

THE  Permutation  of  Quantities  is,  the  shewing  how  maGj^tJif- 
ferenv  ,wa,ys  any  given  ^number  of  things  may  be  changed,   ^t  *    ^^ 

This  is  also  called  jvariafioa,  ahernation  or  changes  ;  and  the  only 
thing  to  be  regarded  here  is  the  order  they  stand  in  ;  for  no  tw» 
parcels  are  to  liave  all  their  quantities  placed  in  the  same  situation. 

The  Combination  of  Quantities  is  the  shewing  how  often  a  less 
number  of  things  can  bo  taken  out  of  a  greater,  and  combined  to- 
gether, without  considering  their  places,  or  the  order  they  stand  in. 

This  is  sometimes  called  elecfmi,  or  choice  ;  and  here  every  parcel 
must  be  different  from  all  the  rest,  and  no  two  are  to  have  precisely 
the  same  quantities,  or  things. 

The  Composition  of  Quantities  is  the  taking  of  a  given  number  of 
quantities  out  of  as  many  equal  rows  of  different  quantities,  one  out  of 
<ivery  row,  and  combining  them  together. 

Here  no  regard  is  had  to  their  places  ;  and  it  differs  from  Combi- 
nation only  as  that  admits  but  of  one  row  of  things 

Combinations  of  the  same  form  are  those,  in  which  there  are  the 
same  number  of  quantities,  and  the  same  repetitions  ;  thus,  alccy  hhady 
deeft  Sec.  are  of:  the  same  form  ;  but  ahbcy  abhh^  aacc  are  of  different 
forms.  ' 

Problem  I. 

To  find  tjje  mmber  of  permutations,  or  changes,  that  can  be  made  of  any  given 
number  of  things,  all  different  from  each  other. 

Rule.* 

Multiply  ail  the  terms  of  the  natural  series  or  numbcs,  irnm  1  up 
to  the  given  number,  continually  together,  and  the  last  produd  v.-ill 
be  the  answer  required. 

Examples. 

I.  Christ  church,  in  Boston,  has  8  bells:  How  many  changes 

,.v-'  ?w>  ,— .  on  thorn  ?  1X2X3X4X5X0X7X8=40320  A'ns. 

2.  Nine 

*  i  he  loalbu  ot  tliis  rule  may  be  ihcwn  thi^s,  any  one  tiling «  is  capable  of  one 
poGtion  only,  as  a. 

Ajiy  two  thinjrs  a  and  i  are  capable  of  two  variations  only  ;  as  oi,  ia ;  whofo 
number  Is  cxprtircU  hyl  X2,  .  i 

If  there  be  tlueo  tljings  ^,  b  ;md<:/tluMi  any.  two  of  them,  kMvingout  the  third, 
will  have  1  x'^  variations  ;  and  conlcqiu  luly  when  the  third  js  taken  in,  thtre  vSll 
be  1  X'-X'^  variations  ;.aud  lo  on,  ao  fni-  as  you  pleafe. 
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2.  Nine  gentlemen  met  at  an  tnn,  and  were  so  pleased  with  their 
host,  and  v/ith  each  other,  that  in  a  frohck,  they  agreed  to  tarry  so 
long  a->  they,  together  with  their  host,  could  sit  every  day  in  a  diiFer- 
c<mt  position  at  dinner  :  Pray  how  long,  had  they  kept  their  agree- 
ment, would  tlicir  frohck  have  lasted  ?  Ans.  9941  -||^  yeafisi-- 

3-.  Mow  many  changes,  ot  Variati6nsj  will  the  alphabet  admit  <^ 
Ans.  62044840 1 7a32394393^0000'.  ^ 

Prob-l-em  11. 

.'//jy  numher  of  different  things  being  given^  to  find  hoiv  many  changes  can  he 
made  out  of  them  by  taking,  any  ^v'en  number  of  quantities  at  d  time. 

Rule.* 

iTake  a  series  of  numbers,  beginning  at  the  rliiihber  of  things  giv- 
e«,  and  decreasing  by  1,  as  many  terms  as  thei  nuiliber  of  quantities  to 
be  taken  at  H  time'j  the  produft  of  all-the?  tfeirtnfe'Mll  be  the  answer 
required,  '  "^''-    '■""         *  ^ ' 

Examples. 

\.  How  many  changes  may  be  rung  with  4  beils  out  of  8  ' 
8 
7 

6 

-—         Or,  8X7X6X5  (  =  4ternis)  a=  1680  Ans. 
336 

5 

1680 
2.  How  many  words  can  be  made  with  6  letters  of  the  alphabet, 
admitting  a  number  of  consonants  may  make  a  vv'ord  ? 

24X23X22X21X20X19  (6  terms)  =  96909120,  Ans. 

Prxjblem  III. 

Any  'livmher  of  things  being  giveAf  avhereof  there  at'e  several  things  of  one  sort^ 
several  of  another  t  l^c.  to  find  hoio  many  changes  may  he  made  out  of  them  all, 

RULE.f 

1.  Take  the  series  1X2x3x4,  &c.  up  to  the  number  of  things  given, 
and  find  the  product:  of  all  the  terms.  2.  Take 

*  This  P^ule,  expreffed  in  terms,  is  as  follows  ;  7ny^m — ix^'— 2X»« — 3,  &c.  to 
n  terms;  whence  m  =  number  of  things  given,  and  n  =  quantities  to  be  taken  at 
a  time^ 

1X2X3X4X5,  &c.  to  zr. 

f  T Kis  Rule  is  expreffed  in  terms  thus ; — — 

1X2X3,  &c.to/.XiX2x3,&c.  toy  &c. 
whence  b^  =i=  nutriber  of  things  given,  ;>  =  number  of  things  of  the  firft  fort,  q  = 
cumber  of  things  of  the  fecond  fort,  &c. 

Any  2  quantities,  a,  6,  both  different,"  admit  of  2  changes ;  but  If  the  quantities 
ire  the  fame,  or  at  becomes  aa,   there  will  be  only  one  alteration,  vv'hich  may  bS 
1X2 

expreflfed  by =3  1, 

1X2  Any 
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2.  Take  the  series  1X2x3x4,  5ce»  up  to  the  number  of  the  given 
things  of  the  fits,t  sort,  and  the  series,  1X2X3X4,  &c.  up  to  the  num- 
ber ^^f  .the  given  things  of  the  second  sort,  &c. 

3.  Divide  t;he  prc'4u<fl  of  all  the  terms  of  the  first  series  by  the 
joint  produ6l  of  all  the  terms  of  the  remaining  ones,  and  the  quotient 

will  be  the  answer  required. 

Examples. 

1 .  How  many  variations  may  be  made  of  the  letters  in  the  word 
Zaf)hnathpaaneah  ? 

'lXiXSx4-X5X6X7X8x9xI0Xl!XI2Xi3Xl4Xl5  (  =  number  of  letters 
in  the  word)  =  1307G74368000. 

1X2X3X4X5  (  =  number  of  as)  =  120 

1X2  (  =  number  of  /s)  =      2 

1       (  =  number  of  /s)  =      1 

1X2X3  (  =  number  of  ^s)  =      6 

1X2  (  =  number  of  m)  —      2 

2X6X  lx^2xl  20  =  2880]  130767 1'368000(454.053600  Ans. 

2.  How  many  different  numbers  can  be  made  of  the  following 
figures,  1223334444?  Ans,  12600. 

Problem  IV. 

Tojind  the  niimher  of  cojrtbinations  of  any  given  numher  of  things y  all  differ- 
ent from  one  another  J  taken  any  given  number  at  a  time. 
Rule.* 

1.  Take  the  series  1,  2,  3,  4,  &c.  up  to  the  number  to  be  taken  at 
a  time,  and  find  the  produ,5t  of  all  the  terms. 

2.  Take  a  series  of  as  maliy  terms,  decreasing  by  1,  from  the  giv- 
en number,  out  of  which  the  eledion  is  to  be  made,  and  find  the  pro- 
dud  of  all  the  terms. 

3.  Divide  the  last  product  by  the  former,  and  the  quotient  will  be 
the  number  sought. 

Examples. 

Any  3  quaiititiies,  a, /,  ^,  all  difFcrent  from  each  other,  admit  of  6  variations; 
but  if  the  quantities  ^e  all  alike,  otya  be  become  qaa^  then  the  G  variations  will  be 

lX'iX3 

reduced  to  1,  which  may  be  exprefTcd  by =  1.     Again,  if  two  quantities 

iX-'X'i  > 

out  of  three  are  alike,  or  abc  become  aac ;  then  the  6  variations  will  be  r^dpced  to 

1X2X3 
thefe  3,  aac,  caa,  aca,  which  may  be  expreffed  by  — — —  =  3,  and  fo  of  any  great* 

er  number. 

m        m — i        w — 2       m — .i 
*  This  Rule,  exp|-o<re4  alge^iraically,  is  —  X  — -^  X  "—^  X  -- — »  &c.  to  « 

12  3  4 

terms ;  where  m  is  the  number  of  given  quantities,  a,nd,  n  thofe  to  be  taken  at  a 
time. 

^ifotc  In  any  given  number  of  qunntities,  the  nitmher  of  Combinations  intr«af. 
es  gradually  till  you  come  about  the  mean  numbors,  atid  then  gradually  dccrcafcs. 
If  the  number  of  quantities  be  cvm,  half  the  nunilHT  of  places  will  Ihcw  the 
grcateQ:  number  of  Cumbinatioas.ihat  cau  be  mu<V;  of  thofe  quantities  ;  but  if  odd, 
then  t^iof^*  two  numbers  which  are  the  middle,  and  whofo  lum  is  equal  to  the  giv- 
'•■-\  notifeberof  quantities,  will  fhew  the  greatcft  number  of  Combinattoos. 
2...R 
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Examples. 

1.  How  many  combinations  may  be  made  of  7  letters  out  of  12  ? 
1x2x3x4x5x6x7  (=  the  number  to  be  taken  at  a  time)=5040. 
12xnxlOX9x8x7xG(^  same  number  from  12)=3991680. 

5040)3991680(792  Ans. 

2.  How  many  combinations  can  be  made  of  6  letters  out  of  the  24 
letters  of  the  alphabet  ?  Ans.  134596. 

3.  A  general  was  asked  by  his  king  what  reward  he  should  confer 
on  him  for  his  services  ;  the  general  only  required  a  penny  for  every 
file,  of  10  men  in  a  file,  which  he  could  make  out  of  a  company  of 
90  men  :  What  did  it  amount  to  ? 

Ans.  /•.23836022841  7s.  llTri^d. 

4.  A  farmer  bargained  with  a  gentleman  for  a  dozen  sheep,  (at  2 
dollars  per  head)  which  were  to  be  picked  out  of  2  dozen  ;  but  being 
long  in  choosing  them,  the  gentleman  told  him  that  if  he  would  give 
him  a  cent  for  every  different  dozen  which  might  be  chosen  out  of 
the  two  dozen,  he  should  have  the  whole,  to  which  the  farmer  read- 
ily agreed  :  Pray  what  did  they  cost  him  ?        Ans.  D. 27041  56c. 

5.  How  many  locks,  whose  wards  differ,  may  be  unlocked  with  a 
key  of  6  several  wards  ? 

Ans.  63  :  6  of  which  may  have  one  single  ward,  15  double 
wards,  20  triple  wards,  15  four  wards,  6  five  wards,  and  1  lock  6 
wards. 

Wards.  Locks.  Wards.  Locks. 

6. 


4 

id 


15 

20 

15 

6 

1 


Problem  V. 


To ^f id  i he  number  of  combinations  of  any  given  number  of  things ,  hy  taking 
any  given  number  at  a  time  ;  in  which  there  are  several  things  of  one  sorty 
several  of  another.,  ^c, 

■jt  Rule. 

Find  the  number  of  different /ormj,  which  the  things,  to  be  takea 

at  a  time,  will  admit  of,  in  the  following  manner  : 

1.  Place  the  things  so  that  the  greatest  indices  may  be  first,  and 
the  rest  in  order. 

2.  Begin  with  tlie  first  letter,  and  join  it  to  the  second,  third, 
fourth,  &c.  to  the  last. 

3.  Join  the  second  letter  to  the  third,  fourth,  &c.  to  the  last ;  and 
so  on  till  they  are  all  done,  always  rejefting  such  combinatjjifegi^as 
have  occurred  before  ;  and  this  will  give  the  combination  of  all  the 
twos. 

4.  Join  the  first  letter  to  every  one  of  the  twos  ;  then  jo^^e  sec- 
ond,  third,  &c.  as  before  j  and  it  will  give  the  combinatioi^^qra^the 
threes.  ^  ^> 

5.  Proceed 
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5.  Proceed  in  the  same  manner  to  get  the  combinations  of  all  the 
fours,  fives,  &c.  and  you  will  at  last  get  all  the  several /orwj-  of  com- 
bination, and  the  number  in  each  form. 

6.  Having  found  the  number  of  combinations  in  each  form^  add 
them  all  together,  and  the  sum  will  be  the  number  required. 

Example. 

Let  the  things  proposed  be  aaabbc :  It  is  required  to  find  the  num- 
ber of  combinations  of  every  2,  of  every  3,  and  of  every  4  of  these 
quantities. 


Combinations  at  large. 

aa-iaa^abtttb^ac 

aa^ab^ab^ac 

ab,ab,ac 

bb.bc 

be 

Forms. 
a'^.b'' 

abiUCybc 

Combinations  in  each  form. 
2 
3 

5  =  sum  of  tlie  twos. 

aaa,aabiaab,aac 

aab^aabyaac 

abb,abc 

bbc 

a^ 

aH.a^c.b'^a 

abc 

1 

,b^c.        4 

1 

6  =  sum  of  the  threej 

aaab,aaab,aaac 

aabb,aabc 

abbe 

aH,a^c 

aH'' 

a'bcPac 

2 

1 
2 

5  =  sum  of  the  fours. 
Ans.  5  combinations  of  every  2  ;  6  of  every  3,  and  5  of  e\'ery  4 
quantities, 

Problem  VI. 

To  find  the  changes  of  any  given  number  of  t  kings  ^  tqhcn  a  given  number  at  a 
time  ;  in  which  there  are  several  given  things  of  one  sorty  several  of  an- 
other y  ^c. 

Rule. 

1 .  Find  all  the   different  forms   of  combination  of  all  the  given 
things,  taken,  as  many  at  a  time,  as  in  the  question,  by  Problem  5. 

2.  Find  the  number  of  changes  in  any  form,  (by  Problem  3,)  and 
multiply  it  by  the  number  of  combinations  in  that  form. 

3.  Do  the  same  for  every  distinct  form,  and  the  sum  of  all  the 
produds  will  give  the  whole  number  of  changes  required. 

Example. 
How  many  changes  can  be  made  of  every  4  letters  out  of  these  6, 

No. 
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No.  of  forms.      Comb.  Changes. 

r  1x2x3x1'  -  24. 
]  ~=    4 

(,1x2x3     =    6 

=    6^ 


2  7.2 


21       rix2) 

23        l]x2) 

\ 

f  2x  4  = 
J,-?  IX  G  = 
12X12=2 


aHch'^ac  2  J         (.1x2x1x2=    4 

1x2x3x4  =  24 

—  =12 
1X2  =:.    2 

=    8 
Therefore,-!  Ix  G=    6 
24 


38  =  number  of  changes  required. 

Problem  VII. 

Tojlnd  the  compositions  of  any  number^  in  an  equal  number  of  sets,  the  things 
being  all  different. 

Rule. 

Multiply  the  number  of  things  in  every  set  continually  together, 
and  the  produd  will  be  the  answer  required. 

Examples. 

1 .  Suppose  there  are  five  companies,  each  consisting  of  9  men  ;  it 
is  required  to  find  how  many  ways  5  men  may  be  chosen,  one  out 
of  each  company  ? 

Multiply  9  into  itself  continually,  as  many  times  as  there  are  com- 
panies. 9X9X9X9X9=59049  different  ways,  Ans. 

2.  How  many  changes  are  there  in  throwing  4  dice  ? 

Asa  die  has  6  sides,  multiply  6  into  itself  four  times  continually. 
6X6X6X6=1296  changes,  Ans. 

3.  Suppose  a  man  undertakes  to  throw  an  ace  at  one  throw  with  4 
dice,  what  is  the  probability  of  his  effefting  it  ? 

First,  6x6x6x6=1296  different  ways  with  and  without  the  ace. 
Then,  if  we  exclude  the  ace  side  of  the  die,  there  will  be  5  sides  left ; 
and  5x5x5x5=625  ways  without  the  ace  ;  therefore  there  are  1296 — 
625=671  ways,  wherein  one  or  more  of  them  may  turn  up  an  ace; 
and  the  probability  that  he  will  .do  it,  as  671  to  625,  Ans. 

4.  In  how  many  ways  may  a  man,  a  woman  and  a  child  be  chos- 
en out  of  three  companies,  consisting  of  5  men,  7  women  and  9  chil- 
dren ?  Ans.  315. 
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A  short  method  of  reducing  a  Vulgar  Frafiion,  into   its  equivdient  Decimal, 
by  Multiplication. 

Rule. — Divide  unity  or  1  by  the  denominator,  till  the  remainder 
is  a  single  figure,  10,  100,  Sec.  if  convenient,  then  multiply  the  whole 
quotient,  including  the  remainder  after  division,  by  the  remainder 
(which  is  now  the  numerator,  and  the  divisor,  the  denominator)  and 
annex  the  produ<5l  of  the  quotient,  then  multiply  the  quotient,  thus 
increased  by  the  last  numerator,  and  annex  the  producH:  to  the  increas- 
ed quotient  ;  and  thus  it  may  be  reduced  to  what^xaflness  you 
please.  But  if  the  numerator  of  the  given  fraction"xceed  i,  you 
must  finally  multiply  the  last  produft  by  the  said  numerator. 

Examples. 
1.  Reduce  -^^  to  its  equivalent  decimal. 
2())i-00(-0ii846/^ 

73  This  multiplied  by  4  (the  numerator)  is  -15384^^=^ 

Which  annexed  to  the  quotient •0384(j  is'03846  J  5384/^ 

220        And  -03846 15384/-^  X  8  and  annexed  to  the  last  produd 
208  =  -03846 153843076923076J-I,  &c. 

120 
104 

160 

156 

4 

*2.  Reduce  ^-J^-. 

246)l-0000(X)(-004065^':i°5-  and  •0040650^^'-/^  X  10  =  -0040650^. §• 
and  this  annexed  to  the  quotient  is  •004'06540650^"-1',    and  tlils 
multiplied  by  the  given  numerator,  5,  is  -02032703252^  1-^-. 
For  any  number  of  pounds,  avoirdupois,  under  23,  multiply  tlie 
decimal  -00892857  by  the  given  number  of  pounds,   which  genci al- 
ly gives  the  decimal  true  to  the  sixth  place. 

yl  short   method  of  Jinding  the  duplicate^  triplicaie^  i^c.  Ratio  of  any  two 

numbers f  whose  difference  is  small,  compared  with  the  two  numbers. 

For  the  Duplicate  Ramo. 

Rule. — Assume  two  numbers,  whose  difference  is  sm.all ;  subtr.iifV 

half  ihe'xr  difference  from  the  least,  and  add  it  to  the  greatest,  and  the 

two  numbers,  thus  found,  will  be  in  the  same  proportion  nearly  as 

the  squares  of  the  assumed  numbers. 

E  X  A  M  P  L I  . 

Let  the  assumed  mimbers  be  10  and  11  ;  Then  11 — 10=1.  10 — 
•5=9-5  and  114-5=11-5. 

Proof,  As  10^  :  IP  ::  9*5  :   11-5  nearly. 

For  a  Triplicate  Ratio. 

Rule. — Subtraft  the  difference  of  the  assumed  numbers  fri^m  the 
least,  and  add  it  to  the  greatest,  and  the  numbers,  thus  ob'.ained,  will 
be  in  the  same  proportion  nearly  as  the  cubes  of  the  assumed  num- 
bers. Let 
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Let  the  numbers  be  164  and  165  :  Then  16.')— .164=1.  164—1=:? 
163  and  165+1=166.     Proof,   As  164^  :  165^  ::  163  :  166  nearly. 

For  a  quadruplicate  proportion  subtraft,  and  add  once  and  a  half 
the  difference,  and  so  on,  for  each  higher  povrer,  increasing  the  num- 
ber to  be  subtra<5ted  and  added  by  '5. 

To  reduce  a  Ratio ,  consisting  of  large  numbers y  to  its  lectst  terms,  and  very 

nearly  of  the  same  value. 

Rule. 

1.  Divide  the  greater  of  the  terms  by  the  less,  and  the  least  divisor 
by  the  remainder,  and  so  on  continually,  till  nothing  remain,  in  the 
same  manneflks  we  get  the  greatest  common  measure  for  reducing  a. 
vulgar  fraction  :  This  will  give  a  number  of  ratios,  from  which  we 
can  choose  one,  that  will  suit  our  purpose, 

2.  Place  the  first  quotient  under  unit  for  the  first  ratio  ;  multiply 
that  by  the  next  quotient,  adding  nothing  to  the  numerator,  and  1  to 
the  product  of  the  denominator,  for  a  new  denominator,  and  it  will 
give  a  second  ratio,  nearer  than  the  first :  Then,  multiply  the  last 
ratio  by  the  next  quotient,  adding  the  preceding  ratio,  and  so  on, 
continually  till  you  have  gone  through. 

Examples. 

1.  Sir  Isaac  Newton  has  demonstrated,  in  his  Principia,  that  the 
velocity  of  a  comet,  moving  In  a  parabola,  is  to  that  of  a  planet, 

moving  in  a  circular  orb,  at  the  same  distance  from  the  sun,  as  y  ^ 
to  1.     Let  this  be  taken  for  an  example. 

a/  2=1*4142  ;  those  motions,  then,  are  as  1*4142  to  1 ;  or  as  14142 
to  1 0000  ? 


10000)14142(1 

1 

10000 

Then  -=.- firft  ratio . 

4142)10000(2 

1X2+0=  2 

8284 

-  =  fecood. 

1X2+1=  3 

1716)4142(2 



8432 

2x2+1=  5 

-  =  third.* 

710)1716(2 

3X2+1=  7 

1420 

5X2+-2=12 

296)710(2 

—  =  fourth, 

592 

7X2+3=17 

118)296(2 

12x2+5^29 

236 

—               —  =  fifth,  &c. 



17X2+7=41 

60)118(1 

60 

58)60(1 

58 

2)58(29 

58 

2.  Geometers 

*  I'he  late  ProfefTor  Winthrop  chofe  7. to  5  for  a  propoftign. 
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2.  Geometers  have  found  the  proportion  of  the  circumference  of  a 
circle  to  its  diameter,  to  be  as  3*1416  to  1  :  Let  this  ratio  be  reduced. 
lOCOO) :5 1 4 1 6(  3  Then  -^  =  first  ratio. 

30000  ~ 

1x7-1-0  ==     7 

1416)10000(7  -  —=*  second. 

9912  8x7+1  ==  22 

88)1416(16  7x16+1  =113 

88  —  =  third  :  this  is  the 

22x16+3=355  ratio      generally 

536  made  use  of,  and 

528  is  sufficiently  ex- 

atft  for  very  nice 

8)88(11  calculations. 

88 

3.  The  area  of  a  circle  is  to  its  circmuscribing  square,  as  '7854  to 
! ,  very  nearly  :  Let  this  be  reduced. 

7854)10000(1  .  I 

7854  Then  -  =  firft  ratio. 

2146)7854(3  1X3+0=  3 

6438  -  -  =  fecond. 

1X3+1 =  4 

1416)2146(1  

I4I6  .3X1  +  1  =  4 

■ -  -  =  third- 

.     730)1416(1  4x1  +  1  =  5 

730  

4x1+3;=  7 

686)730(1  -  -  =  fourth. 

686  5X1X4=  9 


44)686(15 
44 

7x1  +  4=  11 

—  =  fifth  :     This 

246 
220 

9X1+5  =  14  is    very    cxacfl, 
and the propor- 
tion   generally 
ufed. 

26  &.C. 

Therefore,  as  14: 

11  ::  the  square  of  the  diameter  of  a  circle  to  Its  area. 

To  estimate  the  Distance  of  ObjeBs  on  level  gr^junJ,  or  at  seay  having  only  the 

height  given. 

Rule I.  To  the  earth*s  diameter,  (viz.  42056462  feet,)  add  the 

height  of  the  eye,  and  multiply  the  sum  by  that  hoight,  then  the 
square  root  of  the  produd  is  the  distance,  at  which  an  objeft  on  the 
surface  of  the  earth  or  water,  can  be  seen  by  an  eye  so  elevated. 

2.  As  objovfts  arc  seen  yi  a  straiglu  line,  and  that  line  is  a  tangent 
to  the  earth's  surface  ;  tliereforc,  To  find  the  distance  of  t'wo  elevated  ob- 
jciisy  luhm  the  ri^ht  line  joining  them  toucLs  the  earth* s  surface  bettvecn  those 
obje^s,  (for  instance^  the  line  from  the  eye  of  the  observer  to  the  <ft  stance  found 
hy  the  first  part  of  the  nde,  and  from  ihjnce  to  the  objcd  ;)  work  for  each 
object  separately,  and  the  sum  of  tho  stjuare  roots  of  the  produd^i  is 
the  distance  of  the  two  9bjf(Sls  from  each  other. 

Example. 
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Example. 
How  far  may  a  mountain  be  seen  on  level  ground,  or  at  sea,  whick 
is  a  mile  high,  supposing  the  eye  of  the  observer  elevated  5  feet  a- 
bove  the  surface  ? 

>v/"42056462T"5~x  5  =  2-746  miles. 
>/  4205t)4624-6280X5280=89-253  miles. 

Ans.  91-999  miles. 

To  estimate  the  Height  of  OhjeEls  on  level  ground,  or  at  sea,  having  only  the 
distance  given. 

Rule — I.  From  the  given  distance,  take  the  distance  which  the 
elevation  of  your  eye  above  the  surface  will  give,  found  by  the  last 
problem. 

2.  Divide  the  square  of  the  remainder  in  feet  by  42056462  feet^ 
and  the  quotient  will  be  the  height  required. 

Example. 
Being  on  my  return  from  a  foreign  voyage,  and  finding  by  my 
reckoning  I  \vas  about  5\  leagues  from  Boston  light-house,  it  being 
in  the  dusk  of  the  evening,  with  my  telescope  I  descried  the  lamp  of 
the  light-house  in  the  horizon,  at  which  time,  my  eye  was  elevated  G 
feet  above  the  surface  of  the  water  :  Now,  supposing  my  reckoning 
to  be  true,  what  is  the  height  of  the  light-house  above  the  water  ? 

5i  leagues  =  16-5  miles  ;  then  1 6-5— v/42056462+6X6  =  13-943 
miles  =  73619  feet  nearly,  and  73619x73619-^42056462  =  129  feet 
nearly,  Ans. 

MISCELLANEOUS  QUESTIONS,  WITH  THE  METHOD  OF 
SOLUTION 

1.  What  part  of  9d.  is  |  of  7d  ? 

2      7     14  9        14     1X14      14 

5       15  1    '      5        9X5      45 

2.  What  number  is  that,  from  which  |  being  taken,  the  remain- 
der will  be  4-  ' 

1      3     Txi-i-SxE     22 

-  +  _  = =  —  Ans. 

5      7  5X7  35 

3.  What  number  is  that,  to  which  if  4  of  V^  of  f  J|  be  added,  the 
total  will  be  1  ? 


3    12    129 

4644      1 

4644 

1X10055—1X4644 

of    of 

= ,  and  — 

10955     1 

7    5    313 

10955 

1x10955 

6311 

-  Ans. 

10955 

4.  What  number  is  that,  of  which  1 9  jy  is  -f  ? 

I9iT  =  t¥  ;  then,  As  i  ;  V/  "•  t  ^  26||  Ans. 

5.  In 
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5.  in  an  orchard  of  fruit  trees,  i;  of  them  bear  apples,  ^  pears,  -^ 
plums,  60  of  them  peaches,  and  40  cherries  :  How  many  trees  does 
the  orchard  contain  ?  60  +  40 

h+iH=T2>  ^d  tI— Ti=T?  ;  therefore,  as  ^V  : • 

::  ^l  ;   1200  Ans.  1 

6.  A  person,  who  was  possessed  of  |^  of  a  vessel,  sold  |-  of  his  inter- 
est for  £.BT5  :  What  was  the  ship  worth  at  that  rate  ? 

I-  of  J=t.     As  i  :  ':l5  ::  }.  j^.isoo  Ans. 

7.  If  4  of  I  of  i  of  a  ship  be  worth  J'of  |  of  fj  of  the  cargo,  vaU 
ued  at ^.1000  :  What  did  both  ship  and  cargo  cost? 

4  off  of  |-=-#g-,  and  -I  of  1  of  ||  of  ^^«^a='  -^§^,  then,  as  /^  ;  '  f  §fi  ;j 
28X7000X28 

24  = =;f.837  12s.  l|^d.  the  cost  of  the  ship  j  and  ;C.  1 000 

6x39X28  "  .  [Answer. 

-f^.837  12s.  l^Jd.=^.I837  12s.  I|Jd.  value  of  the  ship  and  cargo, 

6.  Two  ships,  A  and  B,  sailed  from  a  certain  port  at  the  same  time  ; 
A  sailed  north  8  miles  an  hour,  and  B  east  6  miles  an  hour  t  Require 
ed,  by  an  easy  method,  to'  lind  their  distance  asunder  at  every  hour's 
end  ? 


\/  8X8+6X6=10  miles  distant  in  1  hour,  and  10X2=20  miles  in  2 
hours,   &c.  Ans. 

9.  If  a  body  be  weighed  in  each  scale  of  a  balance,  whose  beam  is 
ilinequally  divided,  and  those  different  weights  of  the  body  be  multi- 
plied together,  the  square  root  of  the  produd:  will  be  the  true  weight 
of  that  body. 

Suppose  the  weight  of  a  bar  of  silver,  in  one  scale,  to  be  lOoz. 
and  in  the  other  scale  I2oz.  ;  required  the  true  weight  of  the  bar  ? 

oz.  oz*  pwt.     gr. 

^12x10  =  10-95445+=  10    19    2-1384+  Ans, 

10.  A  younger  brother  received  D. 3 125  92c.  which  was  just  -p^ 
of  his  elder  brother's  fortune  ;  and  5f  times  the  elder's  money,  was 
1|  the  value  of  the  father's  estate  ;  Pray,  what  was  their  father 
worth  ? 

A  7  :  3125*92  ::  12  :  5358-72  the  elder  brother's  fortune;  then, 
5358'72x5|+-If=D.  17281    87c.  2m.   Ans, 

1 1.  A  gentleman  divided  his  fortune  among  his  sons,  giving  A  9l, 
as  often  as  B  51.  and  to  C  but  3l  as  often  as  to  B  71.  and  yet  C's  divin 
dond  was  1537|1.":  What  did  the  whole  estate  amount  to  ? 

As  7  :  5  ::  3  :  2^  ;  then,  as  2}  :  1^37|  ::  9f5+2|  :  £A  1583  8s, 
lOd.  Ans. 

12.  A  gentleman  left  his  son  a  fortune,  y^^  of  which  he  spent  in  3. 
months,  I  of  :^  of  the  remainder  lasted  him  9  months  longvT,  when 
he  had  only  5371.  left  :   Pia\ ,  wImI  did  his  father  bequeath  him  ? 

J^;v=whole  legacy,  IJ — ,  i  .\t  three  months,  then,  ^  ot  J  of 

'l_lf>'5      .,rnl     ''  '"^_l    •  /■    niJ     Kl,.,r,.0.»-,:.      ic       '^      .    5M       .. 

!  'V— 3  6T»  ♦*""  T6*~'T8"4"— 6  l-^^  ..k-)7.  tl.,  rt  1  f ir(V  .is    ,      ,,    .      ^.        - 

:;f.2082   18s.  2iVd.  Ans. 
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13.  A  gay  young  fellow  soon  got  the  better  o£  ^  of  his  fortune  ; 
he  then  gave  £.1500  for  a  commission,  and  his  profusion  continued 
till  he  had  but;f.450  left,  v,^hich  he  found  to  be  just  y^  of  his  money» 
after  he  had  purchased  his  commission  :  What  was  his  fortune  at  first  ■? 

As  6  :  450  ::  16  :  1200,  and  1200+1500=;£*.2700=^-  of  his  for- 
tune, and,  as  5  :  2700  ::  7  :  ^^.3780  Ans.. 

14.  A  merchant  begins  the  world  with  D.5000,  and  finds  that  by 
his  distillery  he  clears  D.5000  in  6  years  ;  by  his  navigation  D.5000 
in  7^  years,  and  that  he  spencfs  in  gaming  D.5000  in  3  years  :  How 
long  will  his  estate  last  ' 


re  7  r  833^7 

As  <Ti>:  5000  ::  1  :-{    666|- }- 

13  J  tieeell 


As  16661—133^  -f  666| :  1  ::  5000  :  30  years    Ans. 

15.  A  has  £.100  of  B's  money  in  his  hands,,  for  the  remittance  of 
which  B  allows  him  9  per  cent.  :  What  sum  must  he  remit,  to  dis.. 
charge  himself  of  the  £.100  ? 

100X100 

As  100+9  :  100  ::  100  :  £.9lTVg-  5  or, =Z'-9lAV  to  be 

100X9  100+9 

remitted,  and  — -  -  =£'^tVi^  l^is  commission. 
100+9 

16.  Said  Harry  to  Edmund,  I  can  place  four  Is,  so  that,  when  ad-, 
ded,  they  shall  make  precisely  12  :  Can  you  do  so  too  ? 

17.  A  and  B  are  on  opposite  sides  of  a  circular  field  268  poles  a-^ 
bout ;  they  begin  to  go  round  it,  both  the  same  way,  at  the  same  in- 
stant of  time  ;  A  goes  22  rods  in  2  minutes,  and  B  34  rods  in  3  min^ 
utes  :  How  many  times  will  they  go  round  the  field,  before  the  fwift- 
er  overtakes  the  slower  ? 

min.  po.^     min.     po. 
2:221      J     f  1 1.       A  goes  in  a  minute. 
3  :  34;J-*        ilU     S     do.  do. 

therefore,  B  gains  11^ — 11=^  of  a  pole  of  A  every  minute.     And, 
as  I  po. :  1  min.  ::^|^  po.  (=  half  round  the  field)  :  402  min.  (=  the 
time  in  which  B  vrill  overtake  A.)    Then,, 
min.      po.        min.  •        po. 

And,  '*^^ip=16^  times  round  the  field,  Pi  travels; 
and  W^=17  times  round  the  field  B  travels. 

18.  If  1 5  men  can  perform  a  piece  ot  work  in  1 1  days,  how  many 
men  will  accomplish  another  piece  of  work,  four  times  as  large  in 
a  fifth  part  of  the  time  ? 

work.  men.  works,  men.     time    men.   time.    men. 
As   1    :    15    ;:    4   :   60     As   i  :    ^/*-    ::    ^    :    300  Aus. 

19.  If  A  can  do  a  piece  of  work  alone  in  7  days,  and  B  in  12  ^ 
let  them  both  go  about  it  together  ;  In  what  time  will  they  finish  it 

As 
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bays.  work,  day  works.        work  work  work.      work.  day.  work,  day, 
As  [J;  J;;  |  ;  j^JThenUx'^^lJ     As|f  :  »-::|:4^  An^. 

20.  A  and  B  together  can  build  a  boat  in  20  days  ;  with  the  assist- 
ance of  C  they  can  do  it  in  12  :  In  what  time  would  C  do  it  by  him- 
self ? 

D.  W.  D.   W.  W.    W.  W.        W.  D.    W.   D. 

As  I J^  ;  j  ;;  }  ;  ^^|  Then,  tV~?'tj=!jJ^.  &  as  8  :  1  t:  240  :  30  Ans. 

.    21.  A  can  do  a  piece  of  work  alone  in  13  days,  and  A  and  B   to- 
gether in  8  days  :  In  what  time  can  B  do  it  alone  ? 

D.  W.  D.  W.  W.  W.  W.  W.  D.     W.    D. 

As  j  ^^  :  1  ::  1  :  ^j  '^^^"'  i~A=T^T»  and,  as  5  :  i  ::  104  :  204. 

22.  A,  B  and  C  can  complete  a  piece  of  work  in  12  days  ;  A  caft 
do  it  alone  in  23  days,  and  B  in  37  days  :  In  what  time  can  C  do  it 
"by  himself  ? 

D.  W.  W. 

!12  :  1  ::  1  :  ^T  W.    . 
f            1  nen,  yt — 57^?t— ro^T? 
23  :  1  ::  Ir^Vf            W.      D.          W. 
37:  1  ::  1  :  ^^J      As  131    :    1   ::   10212  :.77|Hdays,  AnSc 

23.  A  cistern,  for  water,  has  2  cocks  to  supply  it  ;  by  the  first,  it 
may  be  filled  in  45  minutes,  and  by  the  second,  in  55  minutes  ;  it  has 
likewise  a  discharging  cock,  by  which  it  may,  when  full,  be  emptied 
in  30  minutes  :  Now,  if  these  three  cocks  be  all  left  open,  when  the 
water  comes  in,  in  what  time  will  the  cistern  be  filled  ? 

Cist.   Hour.  Cist.  h.  m.   s. 
As  -4242  :    I   ::   1   :  2  21    26^  Ans. 
Or,  by  vulgar  fractions,  more  accu- 
rately, 2h.  2 Ira.  25|s.  Ans. 


Gains  in  an  hour     '4242  of  a  cistern. 

"24.  A  water  tub  holds  73  gallons  ;  the  pipe,  whidi  conveys  thte 
water  to  it,  usually  admits  7  gallons  in  5  minutes  ;  and  the  tap  dis- 
charges-20  gallons  in  17  minutes  :  Now,  supposing  tliese  both  to  be 
carelessly  left  open,  and  the  water  to  be  turned  on  at  4  o'clock  in  the 
morning  ;  a  servant,  at  6,  finding  the  water  runninc:,  puts  in  the  lap  ; 
in  what  time,  after  this  accident,  will  the  tub  be  full  ? 

min.  gal.    min.  gal. h. 

^     r    5  :     7  ::  60  :  84      1  84— 70' :;x2=26;4  gal.  and  73-20,'^*= 
1. 17  :  20  ::  60  :  70[?  j  46, V  gal.  which  now  remain  to  be  filled, 
gal.  min.     gal.       M.  s. 
Therefore,  as  7  ;  S  .::  46r^T  :  32  58|t5,  and   therefore  the  tub 
m.     s. 
will  be  full  at  32  58||^  after  0. 

25.  A  has  a  chest  of  tea,  weighing  3^,cwt.  the  prime  cost  of  which 
is  6OI.  :  Now,  alluwing  interest  at  6  per  cent,  per  annam,  how  must 

ho 


M[in. 

Cist. 

Min. 

Cist. 

45 

:   1   : 

:  60  : 

1-3333 

,65 

:   1   : 

:  60  : 

1-0909 
2-4242 

30 

:   1   : 

:  60  : 

2- 
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he  rate  it  per  lb.  to  B,  so  that,  by  taking  his  note  of  hand,  payable  at 
6  months,  he  may  clear  D.50  by  the  bargain  ? 

Interest  ^'.2  5s.  Then,  as  3icwt.  :  ;f  .604-^.15+^.2  5s.  ::  lib. 
:  3s.   II ^-^d.  Ans. 

26.  Suppose  the  American  continental  debt  to  be  18  millions,  what 
annuity,  at  6  per  cent,  per  annum,  will  discharge  it  in  25  years  ? 

By  Table  5,  of  annuities,  page  302,  -07823  is^the  annuity  which  II. 
will  purchase  in  25  years,  then,  •07823x18000000=^^.1408140  Ans. 
The  annual  interest  of  the  debt=l 080000 


Therefore,  there  must  be  a  sinking  fund  of  ^,328140  pr.ann. 
ST.  The  hour  and  minute  hands  of  a  watch    are  exaftly  together  at 
J 2  o'clock  :    When  are  they  next  together  \ 

The  velocities  of  the  two  hands  of  a  watch,  or  clock,  are    to    each 
Oilier,  us  12  to  1  ;  therefore,  the  difference  of  velocities  is  12 — 1=11. 

ri2Xl   :    1      5  27^^11 
As  II   :   1    ','.\  12X2  :  2   10  54,-^r^5-&c.    Ans. 


ri2Xl   :    1      5  27,41 
::■}  12X2   :  2    10  54/^  J-&C.    Ai 
(.12X3   :   3    16  21ttJ 


^'^  A  hare  starts  12  rods  before  a  hound  ;  but  is  not  perceived  by 
I/'^;  till  she  has  been  up  45  seconds  j  she  scuds  away  at  the  rate  of  10 
7-.  .v'S  an  hour,  and  the  dog,  on  view,  makes  after  at  the  rate  of  16 
^iiile-.  ;in  hour  :  How  long  will  the  course  hold,  and  what  space  will 
be  run  over,  from  the  spot  where  the  dog  started  ? 
16—10  6  3 
r-  = — =-,  or  as  8  to  3  against  the  hare,  1  hour=3600  seconds. 

16        16    8 

Sec.        Feet.       Sec.    Feet.  10  miles  =  52800  feet. 

As  3600  :  52800  ::  45   :   6^0  distance  the  hare  had  run  before  the 
Add  12  rods=  198  lA^Z  discovered  her. 

858  =  the  distance  of  the  hare  when  the 
8  [dog  started. 


3)6864 

Feet  2288  =  the  ground  run  over  by  the  diO^. 
Miles.    Feet.        Sec.       Feet.      Sec. 
Now,  as  10  =  84480  :  3600  ::  2288  :  97^ 

29.  In  a  scries  of  proportional  numbers,  the  first  is  4,  the  third 
12,  and  the  produd  of  the  second  and  third  is  112'8  :  What  is  the 
difFe-ence  of  the  second  and  fourth  ? 

112vJ^  12=9-4  the  second.  As  4  :  9*4  ::  12  ;  28*2,  and  28-2— 9*4 
=  18*8  Ans. 

30.  A  fellow  said  that  when  he  counted  his  nuts,  two  by  two,  three 
by  three,  four  by  four,  five  by  five,  and  six  by  six,  there  was  still  an 
odd  one  ;  but  when  he  told  them  seven  by  seven,  they  came  out  even  ; 
How  many  h.ad  he  "i 

2X3X4X5X6=720,  and  720+1-^-7  =^  103  even,  Ans.  721. 
721 

^ — T — X  respeftively  will  leave  an  odd  one. 

2,  3,  4,  5  and  6  3L  There 
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SI.  There  fs  an  island  50  miles  in  circumference,  and  three  men 
start  together  to  travel  the  same  way  about  it :  A  goes  7  miles  per 
day,  B  8,  and  C  9  :  When  will  they  all  come  together  again,  and 
how  far  will  each  travel  ? 


50x7+50x8+50x9-7+8+9  =  50  days.— A  350  miles,  B  4C0,  and  C 
450,   Ans. 

32.  Suppose  A  leaves  Newburyport  at  6  o'clock  on  Monday  morn- 
ing, and  travels  towards  Providence,  at  the  rate  of  4  miles  per  hour 
without  intermission  ;  and  that,  at  3  in  the  afternoon,  B  sets  out 
from  Providence  for  Newburyport,  and  travels  constantly  at  the  rate 
of  7  miles  an  hour  :  Now  supp<ise  the  distance  between  the  two  towns 
to  be  90  miles  ;  whereabout  on  the  road  will  they  meet  ? 

6-}-3  =  9  hours,  and  9X4  =  36  miles,  the  time  and  distance  A  had 
travelled  before  B  started.  Then  90 — 36  =  54  miles  remain  to  be 
travelled  by  both  ;  now,  as  both  together  lessen  the  distance  7+4=1 1 
miles  an  hour,  therefore  yt  of  54+36  =  5o/y  niiles  from  Newbury- 
port ;  which  is  near  Ames's,  at  Dedham. 

33.  If,  during  ebb  tide,  a  wherry  should  set  out  from  Haverhill 
to  come  down  the  river,  and  at  the  same  time,  another  should  set 
out  from  Newburyport,  to  go  up  the  river,  allowing  the  distance  to 
be  18  miles  ;  suppose  the  current  forwards  one  and  retards  the  other 
1y  mile  per  hour  ;  the  boats  are  equally  laden,  the  rowers  equally 
good,  and,  in  the  common  way  of  working  in  still  water,  would  pro- 
ceed at  the  rate  of  4  miles  per  hour  :  Where,  in  the  river  will  the 
tvv^o  boats  .meet  ? 

M.  M.     M.        M.    M.    M.  M.  M.  M. 

4+1 -^  =  5^  and  4 — l-^  =  2\,  then,  5 1+2^-  =  8  in  one  hour  by  both. 

M.  H.    M.    H.  M.  H.     M.  M.  H.  M. 

As  8  :  1  ::  18  :  2^,  then  5^x21=12^  from  Havwhill,  and  2^x2^=5^ 
from  Newburyport. 

34.  A  gentleman  making  his  addresses  in  a  lady's  family  who  liad 
£ve  daughters  ;  she  told  him  that  their  father  had  made  a  will,  which 
imported  that  the  first  four  of  the  girls'  fortunes  weie,  together,  to 
make  D. 50000  ;  the  last  four,  D.G6()00  ;  the  three  last  with  tlie  first, 
D.GOOOO  ;  the  three  first  with  the  last,  56000;  and  the  two  first  witli 
the  two  last,  D. 64000,  which,  if  he  would  unravel,  and  make  It  ap- 
pear, v/hat  each  was  to  have,  as  he  appeared  to  have  a  parciahty 
for  Harriet,  her  third  daughter,  he  should  be  welcome  to  her  :  Pray, 
'.vhat  was  Miss  Harriet's  fortune  ? 

Then,    296000 -L.  4   the   numl.cr   of 
combinations  =  74000  the  sumofiheir 

fortunes. 


A+B+C+D        =  50000 

B+C+D+E  =  66000 

A      +C+D+E  =  (10000 


A  l-B+C      +E  =  56000  !>  Then,  A+B+Ch-I>+E  =  74<;()0 


A+B      +D+E  =  (MOOO 


And     A^T<        l)-fE  =  64000 


296000 J       Ans.  Harrici  .  ,^......0  =  D.IOOOO 

*35»  Three  persons  purchase  a  vcssqI  in  company,  towards  the  pay. 


mcnt 
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nient  whereof  A  advanced  4,  B  -y,  and  C,  D.900  :  What  did  A  an& 
B  pay,  each,  and  what  part  of  the  vessel  had  C  ? 
2     3      14+15      29  S5      29      6 

~  +  -  = —  =  — >  and =  —  C's  part  of  the  vessel. 

5     7         35         as  35      35     35 

14. 

—  :  D.2100  A  advanced. 


6      900 

As  —  : 

35       1 


35 
15 


—  :  D.2250  B  advanced. 
,35 

36.  A  and  B  cleared,  by  an  adventure  at  sea,  45  guhieas,  whicfc 
.was  351.  per  cent,  upon  the  money  advanced,  and  with  which  they 
agreed  to  purchase  a  genteel  horse  and  carriage,  whereof  they  were 
to  have  the  use  in  proportion  to  the  sums  adventured,  which  was 
found  to  be  11  to  A,  as  often  as  8  to  B  :  What  money  did  each  ad- 
venture ? 

As  £.35  :  100  :;  45  gui-neas,  :  £.180  =  the  whole  adventure. 

Asll+oilbO::  <    ^      /'.t   i  k,-    oo  j    m 
I    8  :  £'75   1 5s.  9xV<^'  B  s. 

37.  A,  B  and  C  are  to  share  ;100l.  in  the  proportion  of  -j,  ^  and  3- 
rcspedively  ;  but  C  dying,  it  is  required  to  divide  the  whole  sum 
^properly,  between  the  other  two  ?  "  • 

C  -s.  d. 
£.        r^-:  42  11  Oi^,  A's  share. 
As  i+i+T  :  100  ::  -J  ^  :  31    18  3^.  B's  share. 


£.    s.  xl. 


25  10  7|4,  C's  share. 
£.    s.   d. 


Again,  as  ^H:  25  10  7-J|::|T;  Jq  Jg 

£,   s.    d.      2*-    s.   d.      ""   £.    s.   d 


'  '  10  18   1(^%%,  B'ssh^eof  C'sdo. 


And,   31.18  3^+10  18  10/2^^=42  17     14  B's  share  in  all 


:} 


Then,  42  11  0^6  +  14  11     9|U=57     2  10^  A's  share  in  all, .    -^ 
.0..,^  ,0   10.^26^=4.2  '"     ''  ■n.--i---.-- -11  J- An.. 

Proof  100 
38.  A,  B  and  C  have  among  them  135  guineas  ;  A's+B's  are  to 
B's+C's,  as  5  to  7,  and  G's—B's  to  C's+B's  as  1  to  7  :  How  many 
had  each  ? 

A4-B.     B+C. 
Suppose  A's+B's  =  50  ;  then,  as  5  :  7  ::  50  :  70;  as  7  :  1  ::  70 
:  10  =  C's— B's  ;  then,  70—10  =  60,  and  60-^2  =  30  =  B's  ;  50—30 
=  20=  A's,  and  304-10  =  40  =  C's,  by  the  supposition  :  Now  20+3Q 
■40  =  90,  which  should  have  been  135,  therefore, 

P  20  :  30  =  A's. 

As  90  :  135  ::    ^  30  :  45  =  B's. 

40  :  60  =  C's, 


L     1. 


Sum  =  135  proof. 
39.  There  are  three  horses,  belonging  to  diiferent  men,  employed 
team  to  draw  a  load  of  salt  from  Newburyport  to  Boston  for 

2L, 
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21.  XOs.  :  A  and  15  are  supposed  to  do  /^  of  the  work  ;  A  and  C  y^, 
and  B  and  C  ^^^  of  it  ;  they  are  to  be  paid  proportionally  :  Can  yoiir 
divide  it  as  it  should  be  ? 

A-f C  =  A  = '^-^^.r)  I 

B-i-C  =  ^^  = -28.57  j^' 

Sum  =  -94-3  J 
And  •943-^2,  tha  aumber  combined  =  '4.715  =  A+B+C 

—  -27^27  =  A+B 

9.'  

Then,  as -4715  :  50  ::  -1988  ;  £A   Is.  ^.  = -1988  =  0. 
And  in  the  same  manner  proceed-  for  the  rest. 

40.  I  would  put  20  hogsheads  of  London  beer  into  10  wine  pipes, 
and  desire  to  know  what  tlie  cask  must  contain,  which,  will  receive 
tlie  difference,  231  solid  inches  being  the  wine^  gallon,  and  282  that 
of  beer. 

Beer  hhd.    =    51-  gall,  and     54x282x20  =.2^4560  solid  inches.. 
Wine  pipe.  =  126  gall,  and-  1 2GX23 1 X 1 0  ^ftpeO  soHd  inches,   and 
304560—291060 

_-— — '47|-i.  beer  gallons, 

282 

41.  Being  about  to  plant  5292  trees  ei^ually  distant  in  rows,  the 
length  of  the  grove  is  to  b^ -three  times  tHe  breadth  :  How  many  of 
the  shorter  rows  will  there  be  ^ 

5292 

/^ X3  =126  rows,  Ans.  viz.  \  of  the  trees  are  to  form  an  exa<fl 

3 
square,  the  side  whereof  being  42,  shews  how  many  come  into  a  short 
row. 

42.  A  general,  disposing  his  army  into  a  square  battalion,  found 
he  l)ad  231  over  and  abovt,  but  increasing  each  sitie  with  one  soldier, 
he  wanted  44  to  fill  up  the  square  :  How  many  men  did  his  army 

consist  of  ?  

231+44=275,  and  275—1^-2=137,  then  137x137+231=19000  Ans. 
Proof,   138X138=  1901-4. 

43.  I  want  the  length  of  a  shoar,  the  bottom  of  which,  being  set 
9  feet  from  the  perpendicular  side  of  a  house,  will  support  a  weak 
place  in  the  wall,  22t  feet  from  the  ground  ? 

V^'^2'-5x22^-+i/X9  =  24  feet,  2-}  inches,  Ans. 

44.  A  line  35  yardi  long  will  cxadly  reach  from  the  top  of  a  fort, 
standing  on  the  brink  of  a  river,  known  to  be  27  yards  broad,  to  the 
©pposite  bank  :  What  is  the  height  of  tlie  wall  ? 

^  35x55^27"x27  =  22  yards,  9i  inches,  nearly. 

45.  Suppose  a  light-house  built  on  the  top  of  a  rock  ;  the  distance 
between  the  place  of  obscrvaiion  and  that  part  of  the  rock  level  with 
the  eye  620  yards  ;  the  distance  from  the  top  of  the  rock  to  the  place 
«f  observation,  81-6  yards ,  and  from  the  top  of  the  light-house  900 
^a.rds :  the  height  of  the  light-house  is  required  ?  ^ 

V'  900 
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j^- 


a/  900x900—620x620—-/  846x84.6— 620x620  =  7G- 77  yards,  Ans.' 

46.  The  sum  and  di/prence  of  the  squares  of  ttuo  numlers  g'tTcn^  to  find  those 

numltrs. 

Rule. — From  the  sum  take  the  difference,  and  half  the  remainder 
is  the  square  of  the  less,  which,  taken  from  the  sum  of  the  squares, 
will  give  the  square  of  the  greater. 

A  and  B  have  between  them  a  number  of  guineas,  which  are  to  be 
so  divided,  that  the  sum  of  their  squares  may  be  208,  and  the  differ- 
ence of  their  squares  80  ;  supposing  A's  the  greater  number,  how 
many  has  he  more  thaqgp  ? 

208^^0-4-2  =  64  the  square_of  B's,  and  208—61  =  144  the  square 
of  A's  ;  therefore  -v/144 — >y/64  =  4  Ans. 

47-   Having  the  sum  of  two  numbers,  and  the  sum  of  their  squares  given,' to 
find  those  numbers. 

Rule. — From  the  s^iare  of  their  sum  take  the  sum  of  their 
squares  :  then  from  the^^^  of  their  squares  take  this  remainder, 
and  the  square  root. of  thSdifference  will  be  the  difference  of  the  two 
numbers.  To  Iralf  theit'^m  add  their  difference,  and  the  sum  will 
be  the  greater.  From  haff  the  sum  take  half  their  difference,  and 
the  remainder  will  be  the  less. 

A  and  B  have  50  guineas  betweei\  them,  which  are  to  be  so  divid- 
ed, as  thiU  the  sum  of  the  squares  of  the  two  numbers  shall  be  1300  r 
How  many  had  each,  supposing  A  to  have  the  greater  ufjmber  ? 

50x50—1300=  1200  ;  then,  ^1300—1200=  10  difference. 
Now  50T2+loT2=30=A's.     And  50-^2— ToT 2=  20  =  B*s,  Ans. 

48.  Having  the  difference  of  two  numbers,  and  the  sum  of  their  squares  giv- 

en, to  find  those  numbers* 

Rule. — From  the  sum  of  their  squares  take  the  square  of  their 
difference  :  to  the  sum  of  the  squares  add  the  remainder,  and  the 
square  root  of  this  sum  will  be  the  sum  of  the  required  numbers  ;■ 
then,  with  the  half  sum  and  half  difference  proceed  as  in  the  lastr 
question. 

A  number  of  guineas  are  to  be  divided  between  A  and  B,  in  such 
a  manner  that  A  may  have  50  more  than  B,  and  that  the  sum  of  the 
squares  of  the  respective  shares  may  be  12500:  What  number  had 
each  ? 

12500—50X50=^10000,  and  -y/ 12500+1 0000=1 50=isum  of  their 
shares.  Then,  150^2+50^-2=100  A's  j  and  160-r-2— 50-r-2=5a 
B's,  Ans. 

49.  Having  the  sum  of  the  squares  of  tivo  numbers,  and  the  square  oj  their 

half  sum  given,  to  find  those  numbers. 
Rule. — From  the  sum  of  the  squares  take  twice  the  square  of  the 
half  sum,  and  the  square  root  of  half  the  remainder  will  be  their 
half  difference,  with  which  and  the  half  sum  proceed  as  before  di- 
refled.  Let 
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Let  the  sum  of  the  squares  of  two  numbers  be  3161,  and  the 
square  of  rheir  half  sum  1560-25:   Required  those  numbers  ? 

3161— 1560-25x2  zz:  40-5  4.0-5^2  =  20-25,  and  ^  20*25  =  4-5=s. 
difference,  and  n/  156;i*2J  =  39*5  =  ^  sum  ;  then,  S9*5l-4*5  =  44' the 
greater,  and  39'5 — 4<*5=35  the  less,  Ans. 

50.-7- 1.  If  i^£  quantity  of  matter,,  (or  weights )  of  any  two  bodies,  put  in 
m'Jion,  le  equal,  the  force  by  which  they  are  moved  will  I e  in  propor- 
tion  to  their  'velocities,  or  swiftness  of  motion. 

2.  If  the  velocities  of  these  bodies  be  equal,  their  forces  ivill  be  direSly  as 
the  quant  ties  of  matter  contained  in  them,  that  is,  as  their  weights, 

3.  If  both  the  quantities  of  matter  and  the  'velocities  be  unequal,  the  forces, 
luith  which  the  bodies  are  moved,  will  be  in  a  proportion  compounded  of 
their  quantities  of  matter  and  velocities. 

Suppose  the  battering  ram  of  Vespasian  weighed  600001b.  ;  that  it 
was  moved  at  the  rate  of  24  feet  in  one  second,  and  that  this  was 
sufficient  to  demolish  the  walls  of  Jerusalem  :  With  what  velocity 
must  a  cannon  ball,  which  weighs  421b.  be  moved,  to  do  the  same 
execution  ; 

The  velocity  of  the  ram  being  24,  and  the  weight  of  the  ball  42, 
compounded,  will  make  a  fradion  =  |4  =  4,  and  4x60000  =  34285-^ 
feet  in  a  second,  Ans. 

51.  A  body  weighing  30lb.  is  impelled  by  such  a  force  as  to  send 
it  20  rods  in  a  second:  With  what  velocity  would  a  body  weighmg 
]  21b.  move,  if  it  were  impelled  by  the  same  force  ? 

30x20 

dpi  =  50  rods  in  a  second,  Ans. 

12 

Of  Gravity. 

52.  The  gravity  of  bodies  above  the  surface  of  the  earth  decreases  in  a  dupli- 
cate ratio  (or  as  the  squares  of  their  distances)  in  semidiameters  of  the  earth, 
from  the  earth's  centre. 

Supposing  a  body  to  weigh  4001b.  at  2000  miles  above  the  earth's 
surface  :  What  would  it  weigh  at  the  surface,  estimating  the  earth's 
semidiameter  at  4000  miles  ? 

From  the  centre  to  the  given  height  being  1^  semidiameter  ;  mul- 
tiply the  square  of  1^  by  the  weight,  and  the  piodud  will  be  the  an- 
swer. 1-5x1 -5x400^ 9001b.  Ans. 

53.  If  a  body  weigh  9001b.  at  the  surface  of  the  earth,  what  will 
it  weigh  at  2000  miles  above  the  surface  ? 

This  being  the  reverse  of  the  last,  therefore,  l+*5=I-5  and  900-h 
r5xr5=400lb.  Ans. 

54.  A  certain  body  on  the  surface  of  the  earth,  weighs  1801b.  ; 
How  high  must  it  be  carried  to  weigii  but  2()lb.  ? 

-v/180-i-20=  3,  Ans.  3  semidiameters  from  the  earth's  centre,  that 
is  8000  above  its  surface. 
55»  To  what  height  must  a  ball  be  raised  to  lose  half  its  weight ' 
2...T  A«: 
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As  1  :  3982-06x39S^2-06  :;  2  :  31713603-6872,  and  v^31 7 13603-6872 
=5631-48  :  and  5631-48— 3982-06=1 64.9-42  miles,  Ans. 

56,  jit  what  distance  from  the  earth  ivould  a  balloon  he  suspended  bet-ween  the 
earth  and  moon  ? 

Rule. — As  the  sum  of  the  square  roots  of  their  quantities  of  mat- 
ter is  to  the  distance  of  their  centres,  so  is  the  square  root  of  the 
quantity  of  matter  in  the  earth,  to  the  distance  from  the  earth's  cen- 
tre. 

The  proportional  quantity  of  matter  in  the  earth  being  to  that  in 
the  moon  as  41-24  to  1:  and  the  distance  of  their  centres  24()000-»- 
3982-06+1000:  therefore,  as  -v/41-24+v^l  :  24000()+3982-06-h  1 090 
::  >/41-21- :  212051-49.  And  212051-49— 3982-06=208069-43  miles 
from  the  earth's  surface,   Ans. 

57. — 1.  If  the  diameters  of  t^wo  globes  be  equal,  and  their  densities  differ  Alt  ^ 
the  iveight  of  a  body  on  their  surfaces  nvill  be  as  their  densities. 

2,  If  their  densities  be  equal,  and  diameters  different,  the  iveight  mill  be 
as  their  diameters. 

3o  If  their  diameters  and  densities  be  both  different,  the  iveight  ivill  be  as 
thcprodudi  of  their  diameters  and  densities. 

If  a  stone  weigh  lOOlb.  at  the  surface  of  the  earth,  required  its 
weight  at  the  surfaces  of  the  sun  and  the  several  planets,  whose  den- 
sities are  known  respeclively  ? 

Sun.  Jupiter.       Saturn.      Earth.     Moon. 

Their  densities  100  78-5  36  ^     392-5         464 

883217-58.  89170-81.  79042-35.  7964-12.  2180 


Diameters  in  1 
Eng.  miles  y 


As796-4512X392-J  :  100:; 


'88321 7-58  xToO  :  2825-46lb.  at  the  Sun. 
89170-81  X78-5  :  2 20*4 lib.  at  Jupiter. 
79042-3.5X36      :        91-06lb.  at  Saturn. 


2180       X464    :       32-35lb.  at  the  Moon. 

58.  If  the  aUraiftion  of  the  moon  raise  a  tide  on  the  earth  5  feet  : 
What  will  be  the  height  of  a  tide  raised  by  the  earth  on  the  surface 
of  the  moon  under  similar  circumstances  ? 

The  attraflion  of  one  of  those  bodies  on  the  other's  surface  is  di- 
redly  as  its  quantity  of  matter,  and  inversely  as  its  diameter  ;  there- 
fore, as  2180x21 80X21 80x1-64  :  5  ::  7964x7964x7964x392-5  :  206-22 
direaiy.     And  as  2180  :  206*22  ::  7964  :  56-448  inversely,  Ans. 

Of  the  Fall  of  Bodies. 

59-  Heavy  bodies  near  the  surface  of  the  earth,  fall  one  foot  the 
first  quarter  of  a  second  ;  three  feet  the  second  quarter  ;  five  feet  in 
the  third,  and  seven  feet  in  the  fourth  quarter  ;  that  is,  16  feet  in  the 
first  second.* 

The 

*  The  exadl  velocity  in  vaaio  is  1 6-1  in  the  fecond ;  but  in  the  air  it  will  b.e 
frarcely  IC  feet. 
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The  velocities,  acquired  by  bodies  in  falling,  are  in  proportion  to 
the  squares  of  the  times  in  which  they  fall  ;  for  instance,  Let  go  three 
bullets  together  ;  stop  the  first  at  one  second,  and  it  will  have  fallen  16 
feet.  Stop  the  next  at  the  end  of  the  second  second,  and  it  will  have 
fallen  (2x2=4)  four  times  16^  or  64  feet ;  and  stop  the  last  at  the  end 
of  the  third  second,  and  the  distance  fallen  will  be  (3x3=9)  nine 
times  16,  or  144  feet,  and  so  on. 

Or,  which  is  the  same,  the  space  fallen  through  (infect)  is  always 
equal  to  the  square  of  the  time  in  4ths  of  a  second. 

Or,  by  multiplying  1 6  feet  by  so  many  of  the  odd  numbers,  begin- 
ning at  unity,  as  there  are  seconds  in  any  given  lime  ;  viz.  by  1  for 
the  first  second,  by  3  for  the  second,  by  5  for  the  third,  and  so  on,  these 
several  products  will  give  the  spaces  fallen  through,  in  each  of  the 
Hseveral  seconds,  and  their  sum  will  be  the  whole  distance  fallen. 

The  velocity  given,  to  jind  the  space  fallen  thrctigh. 
Rule. 

1.  The  square  root  of  the  feet,  in  the  space  fallen  through,  will 
ever  be  equal  to  one  eighth  of  the  velocity  acquired  at  the  end  of  the 
fall ;  therefore, 

2.  Divide  the  velocity  by  8,  and  the  square  of  the  quotient  will  be 
the  distance  fallen  through,  to  acquire  that  velocity. 

Suppose  the  velocity  of  a  cannon  ball  to  be  about  f  of  a  mile,  or 
660  feet  per  second  :  From  what  height  must  a  body  fall,  to  acquire 
the  same  velocity  per  second  ? 

660^8=82-5  and  82-5x82-5=:6806:J  feet,  =  lyV^  i«ile,  Ans. 

60.  The  time  given,  to  Jind  the  space  fallen  through. 
Rule. 

1.  The  square  root  of  the  feet,  in  the  space  fallen  through,  will  ev- 
er be  equal  to  four  times  the  number  of  seconds  the  body  has  been 
falling  ;  therefore, 

2.  Multiply  the  time  by  4,  and  the  square  of  tlie  prodncls  will  be 
the  space  fallen  through  in  the  given  time. 

How  many  feet  will  a  body  fall  in  5  seconds  ? 

5X4=20,  and  20x20=400  feet,  Ans. 
61.  A  bullet  is  dropped  from  the  top  of  a  building,  and  foimd  to 
reach  the  ground  in  1|  second  :   Required  its  height  ? 

1-75x4=7,  and  1^7=49  feet,  Ans.  Or,  1|=7  qrs.  and  7X7=49. 
Or,   1-75x1 -75X1 6=49  feet,  Ans. 

62  Wliat  is  the  difference  between  the  depths  of  two  wells,  into 
each  of  which  should  a  stone  be  dropped  in  the  same  instant,  one 
would  reach  the  bottom  in  5  seconds,  and  the  other  in  3  ? 

.'5X4=20,  and  2()X2()=4()0  feet. 
yx4=  1 2,  and  1 2X 1 2=  1 44  feet. 

0  Ans.  256 feet. 

63.  Ascending  bodies  are  retarded  in  the  same  ratio  tliat  desccnd- 
mg  bodies  arc  accelerated  ;  therefore,  if  a  ball,  discharged  from  a  gun, 
returned  to  the  earth  in  12  seconds  :  How  high  did  it  ascend  ? 

The 
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The  ball  being  half  of  the  time,  or  6  seconds,  in  Its  ascent,  there- 
fore, 6x4=2i,  and  21x24=576  feet,  Ans. 

61.  The  velocity  per  second  gl'ven,  iojindthe  time. 
Rule. 

1.  Four  times  the  number  of  seconds,  in  which  a  body  has  been 
falling,  is  equal  to  one  eighth  of  the  velocity,  in  feet,  per  second,  ac- 
quired at  the  end  of  the  fall  ;  therefore, 

2.  Divide  the  given  velocity  by  8,  and  one  fourth  part  of  the  quo- 
tient will  be  the  answer. 

How  long  must  a  bullet  befalling,  to  acquire  a  velocity  of  160 feet 
per  second  ?  160-7-8=20,  and  20-^4=5  seconds,  Ans. 

65.  The  space,  through  which  a  body  has  fallen,  given,  to  Jind  the  time  it  has 

been  falling. 
Rule. 

1.  Four  times  the  number  of  seconds,  in  which  the  body  has  been 
falling,  win  ever  be  equal  to  the  square  root  of  the  space,  In  feet, 
through  which  It  has  fallen  ;  therefore, 

2.  Divide  the  square  root  of  the  space  fallen  through  by  4,  and 
the  quotient  will  be  the  time,  In  which  it  was  falling. 

In  how  many  seconds  will  a  bullet  fall  through  a  space  of  10125 
feet  ?       -v/ 101 25=  100-6,  and  100- 6-^4=25- 15  seconds=25"  9'"  Ans. 

66.  In  what  time  will  a  musket  ball,  dropped  from  the  top  of  a 
steeple,  484  feet  high,  come  to  the  ground  ? 

>/  484=22,  and  22-r-4=5|  seconds,  Ans. 

67-  To  Jin  d  the  velocity,  per  second,  luith  ivhich  a  heavy  body  %u  III  begin  to  de- 
scend, at  any  distance  from  the  earth's  surface. 

Rule. 

As  the  square  of  the  earth's  semidiameter  Is  to  16  feet,  so  is  the 
square  of  any  other  distance  from  the  earth's  centre.  Inversely,  to  the 
velocity  with  which  It  begins  to  descend  per  second. 

With  what  velocity,  per  second,  will  an  iron  ball  begin  to  descend 
if  raised  SOOO  miles  above  the  earth's  surface  ? 

As  4000x4000  :  16  ::  4000-^3000x40004 3()0b  :  5-22449  feet,    Ans. 
68.  How  high  must  a  ball  be  raised  above  the   earth's   surface,   to 
begin  to  descend  with  a  velocity  of  5*22449  feet  per  second  ? 

As  16  :  4000X4000  ::  5-22449  :  49000000,  and  ,/  49000000=7000. 
Wherefore,  7000—4000=3000  miles,  Ans. 

69.  To  find  the  mean  velocity  of  a  falling  body. 
Rule. 
Divide  the  space  fallen  through  by  the  number  of  seconds   it  was 
falling,  and  the  quotient  will  be  the  mean  velocity.  ^ 

A  musket  ball  dropped  from  the  top  of  a  steeple  484  feet  hlgnin  S\ 
seconds  :  Required  its  mean  velocity  ? 

484-7-5-5=88  feet  per  second,  Ans. 
70,  Tq 
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70.  Tojind  the  velochy  acquired  by  a  falling  hody^  per  second,  (or  by  a 
stream  of  ^watery  having  the  perpendicular  descent  given)  at  the  end  of  any  giv- 
en  period  of  time. 

Rule. 

1.  The  velocity  acquired  at  the  end  of  any  period  is  equal  to  twice 
the  mean  velocity,  with  which  it  passed  during  that  period. 

Or,  2.  Multiply  the  perpendicular  space  fallen  through  by  64,  and 
the  square  root  of  the  produdt  is  the  velocity  required. 

If  a  ball  fall  through  a  space  of  484  feet  in  5\  seconds,  with  what 
velocity  will  it  strike  ? 
By  the  former  part  of  the  rule.  By  the  latter  part,  with- 

484-T- 5*5=88,  and  out  regarding  the  time. 

S8x2r=176,  Ans.  ^  1784x64=176,  Ans. 

71.  There  is  a  sluice,  or  flume,  one  end  of  which  is  2t  feet  lower 
than  the  other  :  What  is  the  velocity  of  the  stream  per  second  ? 

2-5x64=160,  and  ^  160=12-649  feet,  Ans. 

72.  The  velocity y  with  <which  a  falling  body  strikes ,  given,  to  find  the  space 
fallen  through. 

Rule. 

Divide  the  square  of  the  velocity  by  64,  and  the  quotient  will  be 
the  height  required. 

If  a  ball  strike  the  ground  witli  a  velocity  of  5Q  feet  per  second, 

from  what  height  did  It  fall  ?  

56x56-^64=49  feet,    Ans. 

73.  The  mean  velocity  of  a  fluid,  or  stream,  is  12-649  feet  per  sec- 
ond :  What  is  the  perpendicular  fall  of  the  stream  ? 

12-649Xi2-649^64=2t  feet,  Ans. 

74.  The  weight  of  a  body,  and  the  space  fallen  through,  given,  to  find  the 

force  ivith  nvhich  it  nuill  strike. 

Rule. 

The  momentum,  or  force,  with  wliich  a  falling  body  strikes,  is  c- 
qual  to  Its  weight  multiplied  by  its  velocity  ;  therefore,  find  the  ve- 
locity, by  Problem  70,  and  multiply  it  by  die  weight,  which  will  pro- 
duce the  force  required. 

If  the  rammer,  used  for  driving  the  piles  of  Charlestown  bridge, 
weighed  2*^  tons,  or  45001b.  and  fell  through  a  space  of  10  fvct,  with 
what  force  did  it  strike  the  pile  ? 

-v/  10x64  =  25-3  =  velocity,  and  25-3  X  4500  =  1 138501b.  momen- 
tum, Answer. 

75.  The  weight  and  momentum,  or  striking  force,  given,  tojind  the  space  fallen 

through, 

^  Rule. 

Divide  the  momentum  by  the  weight,  and  the  quotient  will  be  the 
velocity  ;  then  divide  the  square  of  the  velocity  by  61,  and  the  que 
tient  will  be  the  space  fallen  through.  If 
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If  the  aforementioned  rammer  weighed  45001b.  and  struck  with  u 
force  of  1  ]  38501b.  :   From  what  height  did  it  fall  ? 

I13S50-^-4.500=25'3,  and  ^25 •  3x25^^ 64=  10  feet,  A.ns. 

76.  If  it  were  required  to  know  with  what  quantity  of  motion, 
momentum  or  force,  a  fluid,  moving  with  a  given  velocity,  strikes 
upon  a  fixed  obstack'. 

Rule. 

By  Problem  72  find  the  fall,  v/hlch  will  produce  the  given  velocity  ; 
multiply  that  height  by  62-5ib  Avoird.  for  clean  river  water,  by  63 
lb.  for  dirty  water,  and  by  64  for  sea  water. 

Suppose  a  stream  oftlear  water  to  move  at  the  rate  of  5  feet  pet- 
second,  and  to  meet  with  a  fixed  obstacle  (or  bulkhead)  15  feet  wide 
and  4  feet  high  :  What  is  the  momentary,  Instantaneous  pressure  of 
the  stream  ? 

5x5-r- 64= J  J  and  25-r- 64=' 39  of  a  foot,  for  the  perpendicular  fall 
of  the. water.  Now  62'5x-39=24-375]b.  the  pressure  upon  each  square 
foov,  which,  multiplied  by  60,  (the  number  of  square  feet  in  the  obsta- 
cle) gives  1 462*5lb.  going  with  the  given  velocity  of  5  feet  per  second  ; 
therefore,  1 462-5x5=73 12-5lb.   Ans.* 

77.  The  velocity  of  water,  spouting  through  a  sluice,  or  aperture 
in  a  reservoir,  or  bulk  head,  is  the  same  that  a  body  would  acquire 
by  falling  through  a  perpendicular  space  equal  to  tliat  between  the  top 
of  the  water  in  the  reservoir  and  the  aperture.* 

What  is  rhe  velocity  of  water,  issuing  from  a  head  of  5  feet  deep  ? 
By  Problem  70th   64x5=320,  and  ^  320=  18  feet,  nearly,  Ans. 

78.  If  the  velocity  of  a  stream  issuijig  through  the  bulk  head  of 
a  mill,  be  16  feet  per  second,  what  head  of  water  is  there. 

i6Xl6-r-64  =  4feet,  Ans. 

79.  The  quantity  of  water  discharged  from  a  hole  in  a  vessel,  is  as 
the  square  root  of  the  heiglit  of  water  above  the  aperture. 

A  miller  has  a  head  of  water  4  feet  above  the  sluice  :  How  high 
must  the  water  be  raised  above  the  opening,  so  that  half  as  much 
again  water  may  be  discharged  from  the  sluice  in  the  same  time  ? 

V  4  =  2,  and  half  as  much  again  as  2,  is  2+ 1  =3,  for  the  square 
root  of  the  required  depth  ;  therefore,  3x3=9  feet  high,  Ans, 

Of  Pendulums. 

80.  The  time  of  a  vibration,  in  a  cycloid,  is  to  the  time  of  a  hea- 
vy body's  descent  through  half  its  length,  as  the  circumference  of  a 
circle  to  its  diameter,  that  is,  as  3-1416  to  1  :  therefore,  (as  a  body 
descends  freely,  by  gravity,  through  about  i93'5  inches  in  the  first 
second)  to  find  the  length  of  a  pendulum  vibrating  seconds. 

Rule.— As3-1416x3-1416  :  1x1  ::  193-5:  19-6  inches^the  half 
length,  and  19-6x2=39-2  inches,  the  length.  .  * 

IS.  To 

*  Water,  beljig  a  yielding  fubflance,  lofes  two  thirds  of  its  power  in  producing 
efFea:s. 
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81.  To  find  the  length  of  a  pendulum^  that 'w'lU  sivhig  any  given  time. 

Rule. — Multiply  the  square  of  the  seconds  in  any  given,  time 
by  39*2  and  the  produd  will  be  the  length  required,  in  inches. 

Required  the  lengths  of  several  pendulums,  which  will  respe<5live- 
ly  swing  -^  seconds,  \  seconds,  seconds,  minutes  and  hours  ? 

•25x-25x39'2=2-45  inches  for  ^  seconds.  -SX  5x89-2=9-8  inches 
for  4  seconds.  lXlx39-2=39'2  inches  for  seconds,  as  above;  6()X 
60x39'2=the  inches  in  2  miles  and  1200  feet,  for  minutes;  and  1 
hour  =  3500  seconds,  therefore  3300x3600x39*2  =  the  inches  in  8018 
miles  and  96  feet,  for  hours,  Ans.  / 

82.  What  is  the  difference  between  the  length  of  a  pendulum,  which 
vibrates  half  seconds  and  one  which  swings  three  seconds  ? 

^3x39-2— •5X-5XS9"^2=343  feet,  Ans. 

83.  To  find  the  time  which  a  pendulum  of  any  given  length  ivill  siving. 

Rule. — Divide  the  given  length  by  39*2,  and  the  quotient  will  be 
the  square  of  the  time  in  seconds. 

Or,  as  6*26 1  (the  square  root  of  39*2)  is  to  the  square  root  of  the 
given  length,  so  is  1  second  to  the  time  of  1  oscillation  :  that  is,  di- 
vide the  square  root  of  the  given  length  by  6*261,  and  the  quotient 
will  be  the  time  of  one  vibration  of  that  pendulum. 

How  often  will  a  pendulum  of  9*8  inches  vibrate  In  a  second  ? 

By  the  former  part  of  the  rule,  9*8-;- 3 9*2=* 25  of  a  second,  and 
^•25= -5  of  a  second,  the  time  of  one  vibration,  that  is,  it  vibrates 
half  seconds,  or  60-7-*5=120  times  in  a  minute. 

By  the  latter  part.  >/9^=  3*13,  and  -v/39-2  =  6-2G1,  therefore, 
3-13-i-6-261-*5  of  a  second. 

84.  I  observed,  that  while  a  stone  was  falling  from  a  precipice,  a 
string,  (with  a  bullet  at  the  end)  which  measured  25  inches,  (to  the 
middle  of  the  ball,)  had  made  5  vibrations  :  What  was  the  height 
of  the  precipice  ? 

25 -^39*2= -6377+,  and  -/-G 3? 7= •7986— of  a  second,  the  time  of 
one  vibration,  and  •7986x5=4  seconds,  nearly,  the  time  of  the  stone's 
descent ;  then  4x4=16,  and  16xl6rz256  feet,  Ans. 

85.  To  find  the  true  depth  of  a  ivell^  ly  dropping  a  stone  into  iff  also  the  time 
of  the  stone's  descent  and  of  the  sound*s  ascent. 

Rule. — 1.  Take  a  line  of  any  length,  and  by  the  last  Problem 
find  the  time  from  the  dropping  of  the  stone  till  you  hear  it  strike  tlic 
bottom. 

2.  Multiply  73088  (=16x4x1142;  1142  feet  being  the  diNtance, 
which  sound  moves  in  a  second)  by  the  number  of  seconds  till  you 
hear  the  stone  strike  the  bott«)m. 

3.  To  this  produfl  add  1304164  (=  the  square  of  1142)  and  from 
the  square  root  of  the  sum  take  11 42. 

4.  Divide  the  square  of  tlie  remainder  by  6t  (  =  16x4)  and  tJic 
'quotient  will  be  the  depth  of  the  well  in  feet. 
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5.  Divide  the  depth  by  1 142,  and  the  quotient  will  be  the  time  o£ 
the  sound's  ascent,  which,  being  taken  from  the  whole  time,  will 
leave  the  time  of  the  stone's  descent  in  seconds. 

Suppose  1  drop  a  stone  into  a  well,  and  a  string  with  a  plummet, 
which  measured  to  the  middle  of  the  ball,  ^25  inches,  made  .G  vibra- 
tions before  I  heard  the  stone  strike  the  bottom  :  Required  the  depth, 
time  of  the  stone's  descent,  and  of  the  sound's  ascent : 

25~39-2=-6377,  and  -v/ -6377- 7986,  and  -7986x5=4.  seconds  to 

the  hearing  of  it  strike  ;  then,  >/ 7308^4+  1304 164— 11 42=1 21 -53  ; 
and  121-53xl21-53-f-64=230-77  feet,  the  depth,  and  23077-4-1142 
=•2  of  a  second,  the  time  of  the  sound's  ascent,  and  4 — •2=3*8  sec- 
onds, the  time  of  the  stone's  descent. 

Of  the  Lever  or  Steelyard. 

86.  It  is  a  principle  in  raechanicks,  that  the  power  is  to  the  weight, 
as  the  velocity  of  the  weight,  to  the  velocity  of  the  power.  There- 
fore, to  find  what  weight  may  be  raised  or  balanced  by  any  given 
power,  say  ; 

t\s  the  distance  between  the  body  to  be  raised  or  balanced,  and  the 
fulcrum,  or  prop,  is  to  the  distance  between  the  prop  and  the  point 
where  the  power  is  applied  ;  so  is  the  power  to  the  weight  which  it 
will  balance. 

If  a  man,  weighing  1601b.  rest  on  the  end  of  a  lever  10  feet  long, 
what  weight  will  he  balance  on  the  other  end,  supposing  the  prop 
one  foot  from  the  weight  ? 

The  distance  between  the  weight  and  prop  being  1  foot,  the  dis- 
tance from  the  prop  to  the  power  is  10 — 1  =  9  feet ;  therefore,  as  1 
foot  :  9  feet  ;:  160lb.  :  14401b.  Ans. 

87.  If  a  weight  of  14401b.  were  to  be  raised  with  a  lever  10  feet 
long,  and  the  prop  fixed  one  foot  from  the  weight,  what  power  or 
weight,  applied  to  the  other  end  of  the  lever  would  balance  It  ? 

As  9  :  1  ::  1440  :  160  lb.  Ans. 

88.  If  a  weight  of  14401b.  be  placed  1  foot  from  the  prop,  at 
what  distance  from  the  prop  must  a  power  of  1601b.  be  applied,  to 
balance  it  ?  As  160  :  1440  ::  1  :  9  feet,  Ans. 

89.  At  what  distance  from  a  weight  of  14401b.  must  a  prop  be 
placed,  so  as  that  a  power  of  160  lb.  applied  9  feet  from  the  prop  may 
balance  it  ?  As  1440  :  160  ::  9  :  1  foot,  Ans. 

90.  In  giving  dlredlions  for  making  a  chaise,  the  length  of  the 
shafts  between  the  axletree  and  backhand,  being  settled  at  9  feet,  a 
dispute  arose  whereabout  on  the  shafts  the  centre  of  the  body  should 
be  fixed.  The  chaise  maker  advised  to  place  it  30  inches  before  the 
axletree  ;  others  supposed  20  inches  would  be  a  sufficient  incum- 
brance for  the  horse  :  Now,  supposing  two  passengers  to  weigh  3  cwt. 
and  the  body  of  the  chaise  |  cwt.  more  :  What  will  the  beast  in  both 
these  cases  bear,  more  than  his  harness  ? 


Weight  of  the  chaise  and  passengers  3|-  cwt.  =  4201b.  and  9  feet  =: 

y  J,  In.       lb. 

Then,  as  108  :  420  :i  [^  [  ^l^H  Ans. 


Of 
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Of  the  Wheel  and  Axle. 
9L  The  proportion  for  the  wheel  and  axle  (in  which  the  power  Is 
applied  to  the  circumference  of  the  wheel,  and  the  weight  is  raised 
by  a  rope,  which  coils  about  the  axle  as  the  wheel  turns  round)  is, 
as  the  diameter  of  the  axle  is  to  the  diameter  of  the  wheel,  so  is  tlie 
power  applied  to  the  wheel,  to  the  weight  suspended  by  the  axle. 

A  mechanick  would  make  a  windlass  in  such  a  manner,  as  that 
lib.  applied  to  the  wheel,  should  be  equal  to  lOlb.  suspended  from 
the  axle  ;  now,  supposing  the  axle  to  be  6  inches  diameter,  required 
the  diameter  of  the  wheel  ? 

lb.    in.   lb.    in. 
As  10  :  6  ::  1  :  60  Inversely,  the  diameter  required. 

92.  Suppose  the  diameter  of  the  wheel  to  be  60  inches  :  Required 
the  diameter  of  the  axle,  so  as  that  lib.  on  the  wheel  may  balance 
lOlb.  on  the  axle  ? 

lb.     In.       lb      In. 
Inversely,  as  1   :  60  ::   10  :  6  diameter  required. 

93.  Suppose  the  diameter  of  the  axle  6  Inches,  and  that  of  the 
wheel  60  inches,  what  power  at  the  wheel  will  balance  lOlb.  at  the 
axle  ?  in.     lb.       in.     lb. 

Inversely,  6  :   10  :;  60  :   1  Ans. 

94.  Suppose  the  diameter  of  the  wheel  60  inches,  and  that  of  the 
&xle  6  inches  :  what  weight  at  the  axle  will  balance  lib,  at  the  wheel  ? 

in.     lb.     in.      lb. 
Inversely,  as  60  :   I  ::  6  :  10  Ans. 

Of  the  Screw. 

95.  The  power  is  to  the  weight,  which  is  to  be  raised,  as  the  dis* 
tance  between  two  threads  of  the  screw,  is  to  the  circumference  of  a 
tircle  described  by  the  power  apphed  at  the  end  of  the  lever. 

Rule. — Find  the  circumference  of  the  circle  described  by  tlieend 
of  the  lever  ;  then,  as  that  circumference  is  to  the  distance  between 
the  spiral  threads  of  the  screw  :  so  is  the  weight  to  be  raised,  to  the 
power  which  will  raise  it,  abating  the  fridion,  which  is  not  propor- 
tional to  the  quantity  of  surfiice;  but  to  the  weight  of  the  incum- 
bent part  ;  and.  at  a  medium,  j  part  of  the  effed  of  the  machine  Is 
destroyed  by  it,  sometimes  more  and  sometimes  less. 

There  is  a  screw,  whose  threads  are  an  inch  asunder  ;  the  lever  by 
which  it  is  turned  30  inches  long,  and  the  weight  to  be  raised  a  ton, 
or  224'Olb.  :  What  power  or  force  must  be  applied  to  the  end  of  the 
lever,  sufficient  to  turn  the  screw — that  is,  to  raise  the  weight. 
The  lever  being  the  semidiameter  of  the  circle,  the  diameter  Is  60 
Inches  j  tlien,  3' 1416X60=  188-496  inches,  the  circumference  : 

in.  in.       lb.  lb. 

Therefore,  as  188-496  :  1   ::  2240  :  11-88,  Ans. 

96.  Let  the  lever  be  30  inches,  (the  circumference  of  which  Is 
found  to  be  188*496)  the  threads  I  inch  asunder,  and  the  power  1 1'8» 
lb.  :  Required  the  weight  to  be  raised  ? 

in.  in.  lb.  lb. 

As  1  :  188-496  ::   11-88  :  2240  nearly,  Ans. 
2...U  97.  Ut 


S\Q  -MISCELLANEOUS  QUESTIONS. 

97.  Let  the  weight  be  22401b.  the  power  ll-88lb.  and  the  leve: 
50  inches  :   Ilequired  the  distance  between  the  threads  ? 

lb.  lb.  in.  in. 

As  2240  :  11-88  ;:  288-496  :  1  nearly,  Ans. 

98.  Let  the  power  be  ll-88lb.  the  weight  224-Olb.  and  the  threads 
an  inch  asunder,  to  find  the  length  of  the  lever. 

lb.  lb.        in.        in. 

As  11-88  :  2240  ::  1  :  188-5  ;  then,  as  355  :  113  ::  188-5  :  69 
mcbes  nearly,  the  diameter,  and  60-4-2=30  inches,  Ans. 

99.  Suppose  one  of  those  meteors,  called  fire  balls,  to  move  par- 
rallel  to  the  earth's  surface,  and  50  miles  from  it,  at  the  rate  of  2Q 
miles  per  second  :  In  what  time  would  it  move  round  the  earth  ? 

The  Earth's  diameter  is  7964  English  miles ;  then,  7964+50x2= 
8064=:the  diameter  of  the  circle,  described  by  the  ball.  Then, 
8064X3- 1 4 1 6=25333-8624  miles,  its  circumference,  and  25333-8624 
-?-20=1266-69312  seconds=:21'  6"  41'"  35""  13"'"  55"""  12""'",  Ans. 

100.  Sound,  uninterrupted,  moves  about  1142  feet  in  a  second  : 
How  long,  then,  after  firing  a  cannon  at  Newburyport,  before  it  will 
be  heard  at  Ipswich, estimating  the  distance  at  10  miles  in  aright  line? 

10  miles  =  52800  feet,  and  52800-^1142  =  46if  J  seconds,  Ans. 

101.  In  a  thunder  storm  I  observed  by  my  clock  that  it  was  6  sec- 
onds between  the  lightning  and  thunder  :  at  what  distance  was  the  ex- 
plosion ?  1142x6=6852  feet  =  l^J^  mile,  Ans. 

102.  Tubes  may  be  made  of  gold,  weighing  not  more  than  at  the 
rate  of  yi^^t  "^  ^  grain  per  foot :  What  would  be  the  weight  of  such 
a  tube,  which  would  extend  across  the  Atlantick,  from  Boston  to  Lon- 
don, estimating  the  distance  at  1000  leagues  ? 

1000X3=3000  miles,  and  3000x5280=  15840000  feet,  and  1584000© 
Xx^'2j-=9747ttS'^-  o^"  rather,  lib.  8oz.  6pwt.  3Y\gr.  Ans. 

103.  The  mean  distances  of  the  Planets  from  the  Sun,  in  English 
miles,  are  as  follow  :  viz.  Mercury  36686617-5  ;  Venus  68552135-83  ; 
Earth  94772980  ;  Mars  144404783-33  ;  Jupiter  492912533-33  ;  Sat- 
urn 903957657*5  :  Now,  as  a  cannon  ball,  at  its  first  discharge,  flies 
about  a  mile  In  8  seconds,  and  sound  1 1 42  feet  in  a  second  :  In  what 
time,  at  the  above  rate,  would  a  bullet  pass  from  the  Earth  to  the 
Sun  ?  and  sound  move  from  the  Sun  to  Saturn  ? 

94772980X8"=758 183840=24  years,  15  days,  6  hours,  27  minutes, 
20  seconds,  for  the  passage  of  the  ball.  \nd  903957657-5x5280= 
4772806431600  feet,  and  4772896431600-^-1142=  132  years,  192 
days,  2lh.  42m.  214tt^.  sound  passing  from  the  Sun  to  Saturn,  Ans.^ 

104.  Light  passes  from  the  Sun  to  the  Earth  in  8-2  minutes :  In 
what  time  would  it  pass  from  the  sun  to  the  Gcorgium  Sidusy  it  being 

1. 8039304 16-b-6  English  miles  ? 

As  94772980  :  8-2  ::  1803930416*66  :  2h.  36m.  4"  50"',  Ans. 

105.  The  Sun's  diameter  is  883217*58  English  miles  ;  Jupiter's  is 
S9170-ai  ;  Saturn's  79042-35;  Georgium  35109;  Mercury's 
3222*48;    Venus'  7687*85;    Earth's    7964-12;    Mars'  4189-69  ; 

and 
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and    the  Moon's   2180:   Required    the  comparative,  magnitude  be- 
tween each  of  those  bodies  and  the  Earth  ? 

8832 17-58X88321 7-58  XBS3217-581  /l363724L 

89170-81  X    89 170-8 IX    89170-81 


Crq 


f-79G4-12X79C4-12X7904-12=  p 

982,         n 


402-65 

982, 

39-57 


97042-35  X    97042-35  X    97042-35 
35109      X   35109      X   35109 

f3222-48X  3222-48X3222-48=93-1 2") 

--rrTTr-JTTTT::      J  7687-85x7687-85X7G87-85=   Ml  !  ,  ^ 

7964-12X7964-12X7964.12-^^  4189-69X4189-69X4189-6-9=  6-86  [^''^•• 
L      2180X2180      X2180     »=4S-74j 

N.  B.  The  above  diameters  and  mean  distances  in  English  mil^s 
answer  to  the  same  in  geographical  miles,  as  they  were  deduced  from 
observations  on  the  transits  of  Venus  over  the  Sun  in  1761  and  1769. 

106.  Suppose  the  density  of  the  Moon  464,  and  that  of  the  Earth 
S92'5  :  Required  the  proportion  between  the  quantity  of  matter  in  the 
Earth  and  in  that  of  the  Moon,  allowing  the  Earth's  diameter  to  be 
7964-12,  and  th?  Moon's  2180  miles,  and  supposing  the  Earth  a 
complete  sphere,  which,  hov.'ever,  it  is  not  ? 

7964- 1 2x7964- 1 2x7964- 1 2x392-5 
There  is =  41-24  times  tlie  quan- 

2180      X2180      X2180      X464 
tity  of  matter  in  the  Ea^th  that  there  is  in  the  Moon  ;  or,  the  Earth's 
weight  is  so  many  times  that  of  the  Moon. 

107.  The  mean  diameter  of  the  Earth's  orbit,  (or  annual  path 
round  the  Sun)  supposing  it  truly  spherical,  is,  in  English  miles, 
190437141-7  :  Required  its  mean  motion,  (or  the  space  through  which 
it  moves  in  its  orbit,)  per  minute  ? 

190437141-7x3-1416=598277324-36  miles  in  circumference  ;  then, 

Days. 
As  365-25  :  598277324-36  ::  1'  :  1137-49  miles,  Ans. 

N.  B.  The  Earth's  diurnal  motion  round  its  axis  is  HI  miles  per 
minute,  at  the  equator. 

Of  the  Specifick  Gravities  of  Bodies. 

The  specifick  gravities  of  bodies  are  as  their  densities,  or  weights, 
bulk  for  bulk  ;  thus,  a  body  is  said  to  have  two  or  three  times  the  spe- 
cifick gravity  of  another,  wjien  it  contains  two  or  three  times  as  much 
matter  in  tlie  same  space. 

A  body,  immersed  in  a  fluid,  will  sink,  if  it  be  heavier  than  its 
bulk  of  the  fluid.  If  it  be  suspended  therein,  it  will  lose  so  much  of 
whiit  it  weighed  in  the  air,  as  its  bulk  of  the  fluid  weighs.  Hence, 
all  bodies  of  equal  bulk,  wliich  will  sink  in  fluids,  lose  equal  weights 
wlien  suspended  therein,  and  unequal  bodies  lose  in  proportion  to 
their  bulks. 

The  hydrostatkk  balance  differs  very  little  from  a  common  balance 
that  is  nicely  made  ;  only  it  has  a  hook  at  die  bottom  of  each  scale, 
on  which  small  weights  may  be  hung  by  horse  hairs,  so  that  a  body 
suspended  by  the  hair,  may  be  immersed  in  water  vithout  watting 
the  scales.  Ho<w 
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How  tojind  the  Speclfich  Gravities  of  Bodies, 

If  the  body,  thus  suspended  under  the  scale,  at  one  end  of  the  bal- 
ance, be  first  counterpoised  in  air  by  weights  in  the  opposite  scale, 
and  then  immersed  in  water,  the  equilibrium  will  be  immediately  de- 
stroyed ;  then,  if  as  much  weight  be  put  into  the  scale,  to  which  the 
body  is  suspended,  as  will  restore  the  equilibrium,  (without  altering 
the  weights  in  the  opposite  scale)  that  weight,  which  restores  the  equi- 
librium, will  be  equal  to  a  quantity  of  water  as  big  as  the  immersed 
body  ;  and  if  the  weight  of  the  body  in  air  be  divided  by  what  it , 
loses  in  water,  the  quotient  will  shew  how  much  that  body  is  heav-j 
ier  than  its  bulk  of  water.  Thus,  if  a  guinea,  suspended  in  air,  be 
counterbalanced  by  129  grains  in  the  opposite  scale,  and  then,  upon 
being  immersed  in  water,  it  becomes  so  much  lighter  as  to  lequire  7^ 
grains  to  be  put  into  the  scale  over  it,  to  restore  the  equilibrium,  it 
shews  that  a  quantity  of  water,  of  equal  bulk  with  the  guinea,  weighs 
7*25  grains  ;  by  which  divide  129  (the  weight  of  the  guinea  in  air) 
and  the  quotient  will  be  17*793 ;  which  shews  that  the  guinea  is  17*793 
times  as  heavy  as  its  bulk  of  water. 

Thus  may  any  piece  of  gold  be  tried,  by  weighing  it  first  in  air, 
and  then  in  water  ;  and  if,  upon  dividing  the  weight  in  air  by  the 
loss  in  water,  the  quotient  comes  out  17*793,  the  gold  is  good :  If 
the  quotient  be  18,  or  between  18  and  19,  the  gold  is  very  fine  :  but, 
if  it  be  less  than  17,  the  gold  is  too  much  alloyed  by  being  mixed 
with  some  other  metal. 

If  silver  be  tried  in  this  manner  and  found  to  be  II  times  as  heavy 
as  water,  it  is  very  fine  :  If  it  be  lOt  times  as  heavy,  it  is  standard  ; 
but  if  it  be  of  any  less  weight  compared  with  water,  it  is  mixed  with 
some  lighter  metal,  such  as  tin,  &c. 

If  a  piece  of  brass,  glass,  lead,  or  silver,  be  immersed  and  sus- 
pended in  different  sorts  of  fluids,  the  different  losses  of  weight  there- 
in will  shew  how  much  heavier  it  is  than  its  bulk  of  the  fluid  j.  that 
fluid  being  lightest,  in  which  the  immersed  body  loses  least  of  its 
aerial  weight. 

Common  clear  water,  for  common  uses,  is  generally  made  a  stand- 
ard for  comparing  bodies  by,  whose  gravity  may  be  represented  by 
unity,  or  1,  or,  in  case  great  accuracy  be  required,  by  1*000,  where 
3  cyphers  are  annexed  to  give  room  to  express  the  ratios  of  other 
gravities  in  larger  numbers  in  the  table.  In  doing  this  there  is  a  two- 
fold advantage  ;  the  first  is,  that,  by  this  mean,  the  specifick  gravities 
of  bodies  may  be  expressed  to  a  much  greater  degree  of  accuracy. — 
The  second  is,  that  the  numbers  of  the  Table,  considered  as  whole 
numbers,  do  also  express  the  ounces  Avoirdupois  contained  in  a  cubick 
foot  of  every  sort  of  matter  therein  specified  ;  because  a  cubick  foot 
of  common  water,  is  found  by  experiment  to  weigh  very  nearly  1 OQO 
ounces  Avoirdupois,  or  Q2\  pounds. 
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^  Table  of  the  Spec^ch  Gravities  of  several  solid  and  fluid  Bodies  ;  tuber  e 
the  second  column  contains  their  Absolute  weighty  and  the  third,  their  ReU 
ative  l^^eight,  in  Avoirdupois  Ounces. 


A  Cubick  Foot  of 


Abfo.  j  Rela. 
wt.       wt. 


A  Cubick  Foot  of 


Abfo, 
wt. 


Piatina  rendered  malle- 7 
able  and  hammered    ^ 
Very  fine  Gold      -     -     - 
Standard  Gold     -     -     - 
Guinea  Gold    -     -     -     - 

Moidore  Gold     -     -     - 
Quickfilver       -     -     -     - 

Lead     ------ 

Fine  Silver        -     -     -     - 

Standard  Silver   -     -     - 
Rofe  Copper    -     -     -     - 

Copper      -     -     -     -     - 

Plate  Brafs  -     -     - 

Steel     

Caft  Brafs 

Iron      ------ 

Block  Tin 

Caft  Iron  -     -     -     -     - 
Lead  Ore    -     -     -     -     - 
Copper  Ore    -     -     -     - 
Diamond     -     -     -    -     - 
Chryftal  Glafs      -     -     - 
White  Marble       -     -     - 
Black  Marble      -     -     - 
Rock  Cryftal    -     -     -     - 
Green  Glafs    -     -     -     - 
Clear  Glafs       -     -     -     - 
fFlint     -     -     - 
Stone  \  ft  "    " 


Cornelian 
Free 


20170  20-170 


Brick 


18888 

17793 

17140 

13600 

11325 

11087 

10535 

90C0 

8843 

8000 

7852 

7850 

7645 

7321 

7135 

6800 

3775 

3400 

3150 

3707 

2704 

2658 

2620 

2600 

2582 

2570 

2568 

2352 


Liver  Sulphur  -     -     - 

19637119-637  Nitre 

1 8-888  AlabaUer      -     -     ,     - 
I7-793|Dry  Ivory     -     -     -     - 
17-140JBrimftone     -     -     -     - 
13-600|Solid  fubs.  of  Gun  Pow, 

11 -325!  Alum 

ll-087|Ebony       -     -     -     -     - 
10'535JHuman  Blood   -     -     - 

9-OOolAmber 

8'843]Cow's  Milk       -     -     - 
8-000{Sea  Water      -     -     -     - 
7-852' Pure  Water       -     -     - 
7-850  Red  Wine      -    -     -     - 


Oil  of  Amber 


7-645 

7-321  Proof  Spirits      -     -     - 

7'135DryOak      -     -     -     - 

6-800  Olive  Oil 

3*775  Loofe  Gun  Powder     - 
3-400  Spirits  of  Turpentine    - 
3-150  Alcohol  or  pure  Spirit 
2-707  Elm  and  Afli       -    -     - 
2-704  Oil  of  Turpentine 
2-658  Dry  Crab  Tree   -     -     - 

2-620  ^ther 

2'600  White  Pine    -     -     -     - 
2-582  Saffafras  Wood       -     - 

2-570,Cork 

2-568  Common  Air  -  -  - 
2-352  jnfianimable  Air   -  - 


2000 

2000 

1900 

1875 

1825 

1800 

1745 

1714 

1117 

1054 

1030 

1030 

1030 

1000 

•  993 

978 

925 

925 

913 

872 

864 

850 

800 

772 

765 

732 

569 

482 

240 


Rela. 
wt. 


2-000 

2.000 

1-900 

1-875 

1-825 

1-800 

1-745 

1-714 

1-117 

1-054 

1-030 

1-050 

1-030 

1-000 

0-9S3 

0-978 

C-925 

0-925 

0-913 

|0-S72 

p-864 

0-850  , 

0-800 

0-772 

|C'765 

|0<732 

10-569 

0-482 

10-240 

!c-00i25 

I0-C00I2 


The  use  of  the  Table  of  Specifick  Gravities  will^best  appear  by  sev- 
eral Examples. 

Hotv  to  discover  the  quantity  of  adulteration  in  metals. 

Suppose  a  body  be  compounded  of  gold  and  silver,  and  it  be  re- 
quired to  find  the  quantity  of  each  metal  in  the  compound. 

First, 'find  the  specifick  gravity  of  the  compound,  by  weighing  it  m 
air  and  in  water,  and  dividing  its  aeri-al  weight  by  what  it  loses,  there- 
of in  water,  and  the  quotient  will  shew  its  specifick  gravity,  or  how 
many  times  heavier  it  is  than  its  l)ulk  of  water.  Then,  subtra.51  the 
specifick  gravity  of  silver  (found  in  the  Table)  from  that  of  the  com- 
pound, and  the  specifick  gravity  of  the  compound  from  tlKit  of  the 
gr)ld  :  the  first  remainder  will  shew  the  bulk  of  gold,  and  the  latter, 
the  bulk  of  silver  in  the  wliole  compound  ;  and  if  these  remaiuder.*; 
be  multiplied  by  the  respei^tive  specifick  gravities,  the  produ(fts  will 
hew  the  proportional  weights  of  each  metal  in  the  body. 

Suppose 
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Suppose  the  specifick  gravity  of  the  compounded  body  be  14  ;  that 
of  standard  silver  (by  the  Table)  is  10-535,  and  that  of  standard 
gold  18-888;  therefore,  10-535  from  14,  remains^  3*465,  the  pro- 
portional bulk  of  tlie  gold  in  the  compound  ;  and  14  from  18*888,  re- 
mains 4*888,  the  proportional  bulk  of  silver  in  the  compound  :  then, 
18*888,  the  specifick:  gravity  of  gold,  multiplied  by  the  first  remain- 
der 3*465,  produces  65*447  for  the  proportional  w/??^/'/ of  gold  ;  and 
10-535,  the  specifick  gravity  of  silver,  multiplied  by  the  last  remain- 
der, produces  51*495  for  the  proportional  weight  of  silver  in  the 
"whole  body  :  So  that  for  every  65*447  ounces  or  pounds  of  gold,  there 
are  51*495,  ounces  or  pounds  of  silver  in  the  body. 

Hence  it  is  easy  to  knovs?  whether  any  suspeded  metal  be  genuine, 
or  alloyed  or  counterfeit,  by  finding  how  much  heavier  it  is  than  its 
bulk  of  water,  and  comparing  the  same  with  the  Table  ;  if  they  a- 
gree,  the  metal  is  good  ;  if  they  differ,  it  is  alloyed  or  counterfeited. 

Hoio  to  try  Spirituous  Liquors, 

A  cubick  .inch  of  good  brandy,  rum,  or  other  proof  spirits,  weighs 
2S4'  grains  ;  therefore,  if  a  true  inch  cube  of  any  metal  weighs  234> 
grains  less  in  spirits  than  in  air,  it  shews  the  spirits  are  proof:  If  it 
lose  less  of  its  aerial  weight  in  spirits,  they  are  above  proof ;  if  it  lose 
more,  they  are  under  proof ;  for,  the  better  the  spirits  are,  the  lighter 
they  are,  and  the  worse,  the  heavier. 

Ot,  let  any  solid,  of  sufficient  specifick  gravity,  be  weighed  first  in 
air,  then  in  water,  and  then  in  another  liquid  ;  from  its  weight  in  the 
air  take  its  weight  in  water,  and  the  remainder  is  tlie  weight  of  its 
bulk  of  water.  From  its  weight  in  air  take  its  weight  in  the  other 
liquid,  and  the  remainder  is  the  weight  of  the  same  quantity  of  that 
liquid.  Divide  the  weight  of  this  quantity  of  liquid  by  the  weight  of 
the  same  quantity  of  water,  and  the  quotient  will  be  the  specifick 
gravity  of  the  liquid. 

All  bodies  expand  with  heat  and  contra<5b  with  cold  ;  but  some 
more,  and  some  less  than  others  :  therefore,  the  specifick  gravities  of 
bodies  are  not  precisely  the  same  in  summer  as  in  winter. 

The  four  following  Problems ^  relating  to   spirituous  liquors,   are    ivrovght 
by  j^Uigation. 

108.  What  proportion  cf  redlified  spirits  of  wine  must  be    mixed 

with  water,  to  make  proof  spirit,  the  specifick  gravity  of  the  redlified 

spirits  being  850,  that  of  proof  spirit  925,  and  of  water  1000  ? 

^^-  \  1000^75]  ^  I 

92o  -j    ^r(\)^n  f  ^^  equal  measures. 

109.  What  proportional  nveight  of  refllfied  spirits  of  wine  and  wa- 
ter must  be  mixed,  to  make  proof  spirit,  the  specifick  gravities  as  be- 
fore >  1000     20 

Ans. =c  — ,  or  as  20  to  IT. 

850      17 

110.  What  is  the  specifick  gravity  of  best  French  brandy,  con- 
sisting of  5  parts,  measure,  of  rc(aified  spirits  of  wine,  and  3  parts 
water  ?  850X 
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850  X  5  =  4250 
1000  X  3  =  3000 

5  -f  3  =  8  )  7250 

•906*25  =  specifick  gravity. 

111.  A  retailer  has  SO  gallons  of  rum,  whose  specifick  gravity  is 
.900  :  How  much  water  must  he  add  to  reduce  it  to  starxdard  proof  ? 

^-  r  1000  -257      g.  rum.  g.  wat.  g.  rum.  g.  wat. 
^"^^1900^753    As  75     :     25     ::     30     :     10  to  be  added. 

112.  The  cubick  inch  of  common  glass  weighs  about  l'36oz.  Troy  : 
ditto  of  salt  water  •5427oz.  ditto  of  brandy  '4892702.  Suppose 
then,  a  seaman  has  a  gallon  of  brandy  in  a  bottle,  v.hich  weighs  4^1b. 
Troy,  out  of  water,  and,  to  conceal  it,  throws  it  overboard  into  salt 
water  :  Pray,  will  it  sink  or  swim,  and  by  how  much  is  it  heavier  or 
lighter  than  the  same  bulk  of  salt  water  ? 

54 

4|lb.=54oz.= weight  of  bottle =  39*7059  cub.  in.  in  the  bottle. 

1-36 

Add  231-  =  do.  in  the  brandy. 


270-7059  =  ditto  in  both. 
Then,  270-7059X-5'J'27=146*9l2oz.=weight  of  saltwater  occupied 
by  the  bottle  and  brandy.  And  -48927  (=weight  of  a  cubick  inch  of 
brandy)  X231=113-02+oz., and  1 13-02x54=  167-02oz.=  weight  of  the 
bottle  and  brandy.  From  this  take  the  weight  of  the  salt  water,  viz. 
146-192oz.  Ans.  Supposing  the  bottle  full,  it  is  20-1  loz.  heavier 
than  the  same  bulk  of  salt  water,  and  therefore  will  sink.  /- 

Given  the  weight  to  be  raised  by  a  balloon,  tojindits  diavie.'er. 
Rule. 

1.  As  the  specifick  difference  between  coninicn  and  inflammable 
air,  is  to  one  cubick  foot  ;  so  is  any  weight  to  be  raised,  to  the  cubick 
feet  contained  in  the  balloon. 

2.  Divide  the  cubick  feet  by  -5236,  and  the  cube  root  of  tl:e  quo- 
tient will  be  the  diameter  required,  to  balance  it  with  common  air  ; 
but,  to  raise  it,  the  diameter  must  be  somewhat  greater,  or  the  weight 
somewhat  less. 

113.  1  would  construd  a  spherical  balloon,  of  sufficient  capacity  to 
ascend  with  4  persons,  weighing,  one  with  another,  1601b.  and 
the  balloon  and  a  bag  of  sand  weighing  60lb.  :  Required  the  diameter 
of  tlie  balloon  ? 

By  the  Table  of  Specifick  Gravities,  page  349th.  I  find  a  cubick 
foot  of  common  air  weighs  1-25  ounces  Avoirdupois,  and  a  cubick  foot 
of  inflammable  air  -12  of  an  ounce  Avoirdupois  j  therefore, 

lb.  lb.       lb.         or. 

1-25  —  -12  =  M3oz.  difference.     And  IGO  X  4  +  60=.  700  =»  11200. 
oz.  cub.  foot.  oz.         cub.  foot.  3  991 1-5044 

As  1-13  :   1   ::   11200  :  9911-5044.       And  >/ =26-65 

•S2S6  Cfect,  Ars. 
0' 1*^*1 
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Given  the  diameter  of  a  balloon,  to  find  ivhat  we'ighi  it  is  capalle  of  raisih^i 

Rule. 

1.  Multiply  the  cube  of  the  diameter  by  '5236,  and  the  produdl 
will  be  the  content  in  cubick  feet. 

2.  As  one  cubick  foot  is  to  the  specifick  difference  between  common 
and  inflammable  air;  so  is  the  content  of  the  balloon  to  the  weight 
it  will  raise. 

1 14.  The  diameter  of  a  balloon  is  26*65  feet :  What  weight  is  it 
capable  of  raising  ? 

26-65X26-65X26-65X-5236=991 1-4+  cubick  feet.     And 
cub.  foot.       oz.  cub.  feet.  oz. 

As   I      :      1-13  ::  9911-4+  :   11 199-882  =  TOOlb.  nearly. 

If  the  magnitude  of  any  body  be  multiplied  by  its  specifick  gravity ]> 
the  produfl  will  be  its  absolute  weight. 

1}5.  What  weight  of  lead  will  cover  a  house,  the  area  of  whose 
roof  is  6000  feet,  and  the  thickness  of  the  lead  ^^^  of  a  foot  ? 
6000X5-^^=50  cub.  feet,  and  its  specifick  gravity  11325X50=566250 

tons.  cwt.  qrs.  lb.    oz. 
ounces=15     15     3     26     10  Ans. 

To  find  the  magnitude  of  any  thing,  when  the  nvetght  is  known. 

Divide  the  weight  by  the  specifick  gravity  in  the  Table,  and  the 
quotient  will  be  the  magnitude  sought. 

1 1 6.  What  is  the  magnitude  of  several  fragments  of  clear  glass, 
wliose  weight  is  13  ounces  .' 

13-^2600  =  -005  of  a  cubick  feet,  and  '005X1728  =  8*640  cubick 
inches,   Ans. 

Having  the  magnitude  andtueight  of  any  body  given,  to  find  its  specifick  gravity. 
Divide  the  weight  by  the  magnitude,  and  the  quotient  will  be  the 
specifick  gravity. 

117.  Suppose  apiece  of  marble  contains  8  cubick  feet,  and  weighs 
1353tlb.  or  21656  ounces  :  What  is  the  specifick  gravity  ? 

21656-i-8=2707  the  specifick  gravity  required,  as  by  the  Table. 

To  find  the  quantity  of  pressure  against  the  sluice  or  hank,  which  pens  ivater. 
iMultiply  the  area  of  the  sluice,  under  v/ater,  by  the  depth  of  the 
centre  of  gravity,  (which  is  equal  to  half  the  depth  of  the  water)  in 
feet,  and  that  produft  again  by  62^  (the  number  of  pounds  Avoir- 
dupois in  a  cubick  foot  of  fresh  water)  or  by  64-4lb.  (the  Avoirdu- 
pois weight  of  a  cubick  foot  of  salt  water)  and  the  produ6l  will  be  the 
number  of  pounds  required. 

118.  Suppose  the  length  of  a  sluice  or  flume  be  30  feet,  the 
width  at  bottom  4  feet,  and  the  depth  of  the  water  4  feet ;  what  is 
the  pressure  against  the  side  of  the  sluice  ? 

30X4=120  feet  the  area  of  the  bottom,  and  120X2  (the  depth  of 
the  centre  of  gravity)  gives  240  cubick  feet,  and  240X62-5=1 5000lb. 
=6T.   13cwt.   3qrs.  20lb.  Ans. 

The  perpendicular  pressure  of  fiuids  on  the  bsttoms  of  vessels  is  estimated  by 
the  area  of  the  bottom  multiplied  by  the  altitude  of  thefiuid. 

119.  Suppose  a  vessel  3  feet  wide,  5  feet  long,  and  4  feet  high,  what 
is  the  pressure  on  the  bottom,  it  being  filled  with  water  to  the  brim  ^ 

3X5=15 
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5X5-15  square  feet,  the  area  of  the  bottom,  and  15X4=60  cubick 
feet,  and  60X62-5=3T50lb.=33cvvt.    Iqr.  3i3lb. 

The  Use  of  the  Barometer. 
The  Barometer  is  so  formed,  tliat  a  column  of  quicksilver  is  sup- 
ported within  it  to  such  a  height  as  to  counterbalance  the  weight  of 
a  column  of  air,  of  an  equal  diameter,  extending  from  the  barometer 
to  the  top  of  the  atmosphere. 

120.  At  the  surface  of  the  earth,  the  height  of  this  column  of 
quicksilver  is,  at  an  average,  almost  30  inches  ;  when  the  barometer 
is  at  that  height  ;  what  is  the  pressure  of  atmosphere  on  a  square 
foot,  and  on  the  surface  of  a  man's  body,  estimated  at  14  square  feet  ? 

As  the  cubick  foot  of  quicksilver  is  13600  ounces.  Avoirdupois, 
and  as  the  height  in  the  barometer,  is  2'5  feet,  therefore  13G00X2-5 
=34000  ounces,  =2125  pounds  on  a  square  foot;  and  21 25x14= 
29750  pounds  on  a  man's  body. 

121.  If  the  mercury  in  a  barometer,  at  the  bottom  of  a  tower,  be 
observed  to  stand  at  30  inches,  and,  on  being  carried  to  the  top  of 
it,  be  observed  at  29*9  inches  :  What  is  the  height  of  the  tower  ? 

Divide  13600,  the  specifick  gravity  of  quicksilver,  by  I '25,  the 
specifick  gravity  of  air,  and  the  quotient  will  be  the  height  of  the 
tower,  in  tenths  of  an  inch.   . 

13600  10880 

=  10880  tenths,  and =  1088  inch.  =  90|  feet,  Ans. 

1-25  10 

The  number  of  feet,  in  height,  of  the  atmosphere,  corresponding 
with  y'g-  of  an  inch  on  the  barometer  is  variable,  depending  on  the 
temperature  and  density  of  the  atmosphere. 

The  variation,  depending  on  the  temperature,  is  shewn  in  the  fol- 
lowing Table,  calculated  for  every  5  degrees,  from  32  to  80,  Faren- 
heit's  Thermometer,  from  whence  it  may  be  easily  calculated  for  the 
intermediate  degrees,  by  allowing  ^^-^  ^^  ^  foot  tor  each  degree. 
TABLE. 

The  altitude,  thus  found,  will  be  to  the  altitude  cor- 
re(5led  for  the  density  of  the  air,  inversely,  as  the  mean 
height  of  the  barometer,  at  the  two  stations,  is  to  30 
inches;  therefore. 

Rule. —  Multiply  the  mean  height  corresponding 
to  the  mean  temperature  of  the  two  barometers  (found 
in  the  Table)  by  tlie  fi-m/js  of  an  inch  in  the  difference 
of  the  two  barometers,  and  this  piodud  by  30  ;  di- 
vide this  last  produ(5t  by  the  mean  height  of  the  two 
barometers,  and  the  quotient  will  be  the  answer,  or 
Q.'j'O.'il  height  requiret^,  with  the  errour  of  a  few  Icet  only,  if 
96-tj9|  the  height  be  less  tlian  a  mile.*  122.  At 

•  Let  b  ss;  mean  height  of  the  Iwromttcr  at.  its  two  Iluhmih,  ^^.»r  of  two  barom- 
eters, one  at  tach  (lation)  in  inches  ;«/  — Uifrcrenco  of  the  two  bannnotcre  in 
tenths  of  an  inch  ;  and  //  izz  number  from  the  THble  ;mfwcrjng  to  tlic  mem  tempe- 

80./i» 
rature  of  the  two  therinomctc*}  accompjinviu  j  the  l^ronactcr,  then =  the  aK 

/litudc  rcqnixcfl  ncAi ' 


Tlicrnio     Feet 


32^ 

35 

40 

■15 

50 

55 

60 

65 

70 

75 

80 


86-^86 
87"19 
88-54 
89-60 
90-66 
91-72 
92-77 
93-82 
94-88 


\ 


354 
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122.  At  the  first  station,  suppose  the  barometer  to  stand  at  29,  and 
the. thermometer  at  60  ;  at  the  2d  station,  the  barometer  at  28,  and 
the  thermometer  at  40  :  What  is  the  height  of  the  2d  station  or  the 
distance  between  the  two  places  of  observation  ? 

Barometer. 
A  J  J  S  ^'^^^^  station      =  29 
\ Second  station  =28 

i)57 

\  sum  =  28'5  =  mean  height  of  the  two  barometers. 
29 
28 

Difference  =    1  =  10  tenths  of  an  inch. 
Thermometer. 
First  station      =  60 
Second  station  =  40 

1)100 


50  =  mean  height  of  the  two  thermometers,  against 
which,  in  the  Table  you  will  find  90  66,  the  mean  temperature  of 
the  two  barometers.  Now,  according  to  the  rule  90*66X1 0X30 —28*5 
=  954'3  feet,  the  Answer,  nearly. 

TABLES. 


Value    of   Englifh    and  Portu- 

•     guefe  Goldjin  dollars,cents  and 

mi 

lis,  throughout  the  United 

States. 

Gr. 

Cts.  m, 

Pwts. 

Dls.  cts. 

1 

3     7 

1 

0  89 

2 

7     4 

2 

1    77i 

3 

11      1 

3 

2  663' 

4 

14     8 

4 

3  55 

5 

18|  0 

5 

4  44 

6 

22     2 

6 

5  33J 

7 

23     9 

7 

6  22 

8 

29     6 

8 

7    11 

9 

2,31  0 

9 

8     0 

10 

37     0 

10 

8  89 

11 

40     7 

11 

9  ill 

12 

44     4 

12 

10  66^ 

13 

48      1 

13 

11   55i 

14 

51      8 

14 

12  44' 

15 

55     5 

15 

13  33f 

16 

59i  0 

16 

14  22 

17 

63     0 

17 

15   11 

18 

66|  0 

18 

16     0 

19 

70     4 

19 

16  89 

20 

74     0 

loz. 

17  77| 

21 

77|  0 

Nfite. 

89  cents  is 

22 

81f  0 

the  vail) 
ny-weig 

c  of  I   pen 

ht  of  Englifh 

23 

85     2 

and  Por 

-ups.  Gold. 

Value    of     French 

and    Spanifh 

Gold,    in     dollars, 

cents    and 

mills,    throughout 

the    United 

States. 

Gr. 

Cts.  m. 

Pwts. 

Dls.  cts.  m. 

1 

3     6 

1 

0  87     6 

2 

7     3 

2 

1   75     2 

3 

11     0 

3 

2  62|  0 

4 

14     6 

4 

3  50     3 

5 

18     2 

5 

4  38     0 

6 

21      9 

6 

5  25     5 

7 

25     5 

7 

6  13     1  ■ 

8 

29     2 

8 

7     0     7 

9 

32     8 

9 

7  88     3 

10 

36^-  0 

10 

8  76     0 

11 

40     1 

11 

9  63j  0 

12 

43     8 

12 

10  51      1 

13 

47     4 

13 

11    38     7 

14 

51      1   1 

14 

12  26     3 

15  •  54|  0  1 

15 

13   13     9 

16 

58     4 

16 

14     lie 

17 

62     0 

17 

14  89     0 

18 

65     7 

18 

15  76     6 

19 

69     3 

19 

16  64     2  - 

20 

73     0 

loz. 

17  51     8 

21 

76     6 

Note. 

87   cents    6 

22 

80     3 

mills,    t 

he  value  ol"  i 

penny-A 

vcipiht  French 

23       83      9   1 

and  Sps 

nifn  Gold. 
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N.  Hamp- 

1 

Federal 

Majfachufetts, 

Ne-w-York 
and 

NeiV'Jerfey, 
Pennfylvanioy 

5.  Carolina 

Canada    and 

Money. 

R.  IJland, 

Delaivare  lit 

?5*  Georgia. 

^ovafcoiia. 

Conneiiicut, 

Maryland. 

\^  Virginia. 

C    s.    d. 

Dol.    c. 

£•   5.  d. 

C         8-    d. 

jr.    s.  d. 

L-     «^    d.    1 

Liv.  7  Sou 

O'O    I 

Hi 

24 

9 

1  4 

?7 

3 

T 

O'O  2 

'¥ 

*II 

>tV 

i^V 

I^ 

^^ 

o-o  3 

^A 

2|l 

^TU 

oU 

i4 

3^% 

O'O  4 

2|4 

sU 

3r% 

H% 

2'i 

4    T 

O'O  5 

3  -J 

4  J 

44 

2  4 

3 

5  i 
6r% 

O'O  6 

4A 

Sil 

5A 

3/t 

^4 

O'O  7 

Ss't 

6Vt 

6^ 

3ll 

4t 

7.V 

O'O  8 

5il 

ni 

1-?^ 

4iJ 

44 

8  1 

O'O  9 

O'l  o 

6-Vi 

m 

8A 
9 

55T 

5  1 

5^ 

9.%- 

7  i 

94 

6 

10  ^ 

0'2  0 

«vf 

I   7t 

I   6 

i»  4 

I   0 

1     I 

o'3  c 

I9l 

2  44 

2  3 

I     44 

I   6 

I    II  i 

0*4  0 

»4  J 

3    2§ 

3  o 

I    10  § 

2  0 

2     2 

o'5  o 

3° 

4  o 

3  9 

4  6 

2     4 

2  6 

2   12  i 

o'6  o 

3  7  1 

4  9:^ 

2     9l 

3  0 

3     3 

o'7  o 

4^  J 

S  74 

i  ^ 

3     3  4 

3  6 

3   13  i 

o'8  o 

49^ 

6  44 

6  o 

3     8J 

4  0 

4    4 

o'9  c 

54  J 

7    2^ 

69 

4     2  1 

4  6 

4  14  ? 

1-0  0 

6  0 

8  0 

7  6 

4     8 

5  0 

5     5 

20  0 

12  0 

16  0 

15  0 

9    4 

10  0 

10   10 

30  0 

18  0 

1.4  0 

1      2  6 

14    0 

15  0 

15   15 

4-0  0 

r  4  0 

1    12  0 

1    10  0 

18     8 

0  0 

ai     0 

50  0 
60  0 

1    10  0 
1    16  0 

2     0  0 

1    17   6 

I     .^     4 

5  0 

26     5 

2     8  0 

2     5  0 

1     8     0 

10  0 

u   10 

7-0  0 

2     2  0 

2   16  0 

2   12  6 

I   12     8 

15  0 
0  0 

36  15 
42    0 

8-0  0 

2     8  0 

3     4  0 

3     0  0 

I   17     4 

90  0 
10-0  0 

2  14  0 

3  0  0 

3   12  0 

3     7   6 

a     a    0 
a    6    8 

a 
a 

lO   0 

47     5 

4     0  0 

3    15  0 

52  10 
105     0 
157    (o 
210     0 
26a  10 

20-0  0 
30-0  0 
40-0  0 
50-0  0 

6     0  0 

9     0  0 

12     0  0 

15     0  0 

8     0  0 
12     0  0 
16     0  0 
20     0  0 

7    10  0 
115  0 
15     0  0 

18    15  0 

4    13     4 
700 
968 
'^   T3     4 

S 

7 

iO 

12 

0    0 
lO    0 

0  0 

10  0 

600  0    18     0  0 
70-0  0    21      0  0 

24     0  0 
28     0  0 

22    10  0 
26     5  0 

14     0     0 
16     6     8 

'5 

0  0 

3*5     0 
.,67    10 
420     0 
472   10 

800  O!    24     0  0 
90O  O'   27     0  0 

32     0  0 
36     0  0 

30     0  0 
33   15  0 

•  8  13     4 

21       0      0 

«7 
20 
22 

10  0 

0  0 

1000  Oj   30     0  0 

40     0  0 

37    10  U 

23     6    8 

2000  0    CO     0  0 

80     0  0 

75     0  0 

46  13     4 

70     0     0 

■^3 

0  0 

525     0 

MOOO  0    90     0  0 

120     0  0 

112    10  0 

50 

0  0 

iv;50     0 

4000  0,120     0  0 

160     0  0 

150     0  0 

93     6     8 

V.S 

0  0 

1575     " 

5(X)-0  0 

150     0  0 

200     0  0 

187    10  0 

'CO 

•  2? 

0  0 
0  0 

atco    0 
26:3     0 

600-0  0 
700-0  0 

180     0  0 
210     0  0 

240     0  0 
280     0  0 

225     0  0 
262    10  0 

140    0     0 
16^     6    8 

IJO 

0  0 

3*50    0 
;675     0 

800-0  0 

240     0  0 

320     0  0 

300     0  0 

'86  13     4 

2|0       0       0 

'75 

0  c 

900-0  0 

270     0  0 

360     0  0 

337    10  0  • 

200 

0  0 

4200    0 

10000  0 

300     0  0 

400     0  0 

37.1      0  0 

2 ; :     6     8 

»»5 

0  c 

474.^     0 

»JO 

0  0 

5250    0    1 

S5& 
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N.Hamp. 

1  Nciv-yerfi-y^ 

1 

" 

Mafachu. 

J^ederal 
Coittt 

N,   York    and  Pennfylvaniay 

South-Carolina                          .  \ 

R.  ipnd. 

No  rtb'  Caroli- 

JDetaivare 

and 

£ngli/h  Money! 

French  Money. 

Connecticut, 

na. 

and 

Georgia 

r 

and  f^.r^ia. 

Dls.    c. 

Marylnnd, 

£.  s.  d. 

£.  s.  d. 

C.   s.  d. 

c 

s. 

17 

/:.  s.  d. 

Livr.  7 
Tour.J 

Sous. 

o-oi^ 

.  1 

,  1 

'  4 

7 

3 
4 

'54: 

2 

0-02^ 

H 

^1 

*  9 

- 1 

2|| 

3 

004^- 

4 

3^ 

»J 

2^- 

4  4 

A 

0-054 

54- 

5, 

34- 

3 

5  r. 

5 

o-o6f^ 

6| 

6^ 

3l 

3l 

1-rk 

6 

C-084 

\ 

n\ 

4l 

4^ 

'.4 

7 

o'oyll 

9^ 

8t 

5l 

5i: 

lo-^V' 

8 

o-i  1^ 

io§ 

10 

6| 

6 

II 1 

9 

0'12^ 

1  0 

lii 

7 

^ 

13 1 

lO 

o-'3l- 

'    i^ 

1  0^ 

7i 

n 

•4tV 

II 

0-I5A 

I    '^ 

84 

H 

16A 

I   o 

o-i6| 

>   4 

»  3 

9i 

9 

17  ^ 

2    O 

0-3  4 

2  8 

3  6 

I 

6| 

I   6 

I 

15 

3  c 

0-50 

4  0 

3  9 

2 

4 

2  3 

2 

12  i 

4  0 

0-66I 

5  4 

5  0 

3 

'1 

3  0 

3 

10 

5  tv 

o8^i 

6  8 

63 

3 

.of 

3  9 

4 

7  i 

6  o 

i-oo 

8  0 

7  6 

4 

8 

4  6 

5 

5 

7  o 

i'i6^ 

9  4 

89 

5 

^f 

5  3 

6 

2  i 

8  o 

I -331 

10  8 

10  0 

6 

4 

6  0 

7 

0 

9  o 

i^So 

12  0 

"  5 

7 

0 

69 

7 

17  i 

!0    G 

I -661 

^3  4 

12   6 

7 

4 

7  6 

8 

»5 

i    o  o 

r'^J 

I     6  8 

I    5  0 

'5 

6t 

15  0 

»7 

10 

2    O    0 

6-66§ 

2  »3  4 

2  10  0 

1 

1 1 

'9 

I  10  0 

35 

0 

500 

lO'bo 

400 

3  15  0 

2 

6 

8 

2    5  0 

52 

10 

4  0  G 

^3'3T? 

5    6  8 

500 

3 

2 

2-1 

300 

70 

0 

500 

i6-66| 

^>  '3  4 

650 

3 

'7 

9i 

3  ^5  0 

87 

10 

600 

20"0o 

800 

7  'o  0 

4 

13 

4^ 

4100 

105 

0 

700 

2V35t 

968 

8  15  0 

5 

8 

ioj 

i    5  0 

W2 

10 

800 

26'66| 

10  13  4 

10    0  0 

6 

4 

5I- 

600 

140 

0 

900 

30*00 

li    0  0 

1150 

7 

0 

0 

6  15  0 

157 

^5 

10    0    0 

3.V333- 

M    68 

12  fO  0 

7 

15 

6| 

7  10  0 

175 

0 

20  0  c 

6666J 

loo  00 

2613  4 

25    0  0 

15 

II 

i4 

1500 

350 

0 

30  0  0 

40    0  0 

37  lo  0 

23 

^6 

8 

22  10  0 

525 

0 

40  0  0 

'3333I 

53    6  8 

50    0  0 

3' 

2 

2S 

30    0  0 

7CO 

0 

50  0  0 

•  66-66'^ 

66  13  4 

62   10  0 

38 

17 

9l 

37  to  0 

875 

0 

60  0  c 

200'00 

80    0  0 

7?    0  0 

46 

13 

4^ 

45    0  0 

1050 

0 

70  0  c 

^^3-33| 

93    6  8 

87  10  0 

54 

8 

io| 

52  10  0 

1225 

0 

^o  0  0 

266'66| 

ic6  13  4 

I  op    00 

62 

4 

5I 

60    0  0 

1 400 

0 

9c  0  0 

300-00 

120    0  0 

1 12  10  0 

70 

0 

0 

67  10  0 

»575 

0 

I  CO   0   0 

353*^3r^33    6  8 

\2'y        0    0 

77 

»5 

6| 

75    0  0 

1750 

0 

'2CO    0    0 

666-661 266  13  4 

250    0  0 

^55 

If 

i| 

150    0  0 

3500 

0 

j  ^0  0  c 

Jooo'oo  400    0  0 

375    0  0 

233 

6 

8 

»25    0  0 

5250 

0 

^  0  c 

■333'/!3   S^i    6  8 

coo    0  0 

31^ 

2 

i 

300    0  0 

7000 

0 

0  0 

1666-66  666  13  4 

62^    0  0 

388 

17 

9^ 

375    0  0 

8750 

0 

TABLES. 


357 


Table  of  the  Value  of  several  Pieces  of  Coin,  in  the  Federal  Coin,  and 
the  several  Currencies  of  the  United  States, 


j   N.  Hamp- 

[ 

Nezv  yerfey^ 

1 

P.A>*nl    ^fi'"-'^  ■^'•I^' 

NeivYork 

Pemifylva- 

S.    Cardina 

I'ederal 
Coin. 

chufettsJiJJl- 

'               a;;£^ 

Jiia,  Dela- 

and 

atid,  ConncSii- 

NortlM.aro 

Una. 

ivare  and 

Georgia. 

cut,  Virginia 

Maryland. 

Cents. 

^.      8.     d. 

£.    s. 

d. 

0     s.     d. 

jC.    s.     d. 

y*^ofa  iDollar 

0  06    :5 

41 

6 

3l 

H 

l^of  a  Plstareen 

0  10 

73- 
Vir.      8 

9 

9 

5l 

4-  of  a  Dollar 

o-i.  -; 

8 

ic - 

10 

6| 

-of  ditto 

0'12    \ 

9 

I 

0 

I  It 

7 

A  Fistareen 

020 

r   2j 
Vir.  I  4 

I 

4' 

I     6 

i"i 

An  Eng.Shilling 

0  22    1 

I  4 

1 

7'- 

*    I     8 

•    c-J 

~  of  a  Dollar 

0-25 

1   6 

2 

0 

1  loi 

I      2 

Half  ditto 

0*50 

3  0 

4 

0 

3    9 

2      4 

A  Dollar 

j*oo 

6  0 

8 

0 

7    6 

4    8 

En.  or  Fr.  Crown 

l-ll  i 

6  8 

N.York  9 
N.Caro.8 

0 
9 

8    4 

5  2j; 

pwt.  gr. 

Fr.  Guinea  5     5 

4-62§^ 

£    7  6 

I    16 

0 

I  14    6 

I  I  5 

In  Massa.    5    6 

4*55  ^- 

I     7  4 

En.  Guinea  5     6 

4-66  4 

I     8  0 

I    17 

0 

/  15    0 

I  I  9 

In  S.  Care.  5     7 

I      1    iO 

^  Johann.     9    c 

4'oo 

280 

3     4 

0 

300 

I  f7    4 

Pistole          4    3 
In  Massa.    4    3 

3*6<5  1 

I     2  0 

I     8 

0 

I     7    0 

17    6 

Moidore       6  18    6-co     ! 

I  16  0 

2     8 

0 

2    5    0 

I     8    0 

Doubloon  t7     c'i4"66  ^   4    8  0 

5   t6 

0 

5  12    0  1 

3  10    0  ! 

The  standard  weight  of  an  eagle  11  pwt.  44gr.  Half  ditto 
.5pwt..l4|gr.  A  dollar  ITpwt  l^gt.  Half  ditto  8pwt.  12J^gr.  A 
double  dime  3pwt.  9^gr.     A  dime  Ipwt.  16y^0gr. 

Table  of  Refiner's  Weights, 

Blanks  Note.  What  they  denominate  a 

21—      1  Pcrrot.       «  carat,  is  the  ^\  of  a  lb.  an  oz.  or 

480  =    20  =    1  Mite.  any  other  weight. 
9600  =  400  =  20  =  I  Grain. 

Dutch  Weights  for  Gold  and  Silver. 

Note,  32  aces  =1  engel,  20engels=  1  ounce,  8  ounces  =  I  mark, 
for  gross  gold.  Also,  24  parts -^  1  grain,  12  grains  =1  carat,  2t 
carats  ~  I  mark,  for  fine  gold. 

The  mark  weights  are  1  per  cent,  lighter  than  our  Troy  weight. 


^Tai 
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A  Table    of  Commission   or  Brokerage. 


Goods  or 

i 

<^ti 

per 

at 

1    per 

at  1  i  per    j   at  1   per 

at  2:^  per 

at 

3  per 

'  fiock  fold. 

L 

cent. 

cent. 

cent 

1        cent. 

cent. 

cent. 

Shill.l\i 

.     S 

.  d.  1  0 

00 

0    0 

0    \    0 

0  0 

0    0  Ofi  0 

0  0^ 

2 

0 

0 

0       0 

0  0| 

0     0 

oi- 

0 

0  Of 

0    0  01 

0 

0  0^ 

S 

0 

0 

Oi    0 

0  Oi 

0     0 

oi 

0 

0  Oi 

0     0  0| 

0 

0  1 

4 

0 

0 

0:1 

0 

0  04 

0     0 

Oi 

0 

0  0| 

0     0   1 

0 

0  H 

5 

0 

0 

oi 

0 

0  0» 

0     0 

0^ 

0 

0  1 

0   0  14 

0 

0  i| 

6 

0 

0 

oj 

0 

0  0-i 

0     0 

1 

0 

0  U 

0    0   I| 

0 

0  2 

7 

0 

0 

01 

0 

0  0-i 

0     0 

1-4 

0 

oii 

0    0  2 

0 

0  2? 

8 

0 

0 

Oi 

0 

0  I 

0     0 

li 

0 

Oil 

0    0  2i 

0 

0  2| 

'             9 

0 

0 

Oi 

0 

0  1 

0     0 

li 

0 

0  2 

0    0  2l 

0 

0  3 

10 

0 

0 

Oi 

0 

ou 

0     0 

U 

0 

0  2i 

0     0  3 

0 

0  3' 

11 

0 

0 

Oi 

0 

0  li 

0     0 

U 

0 

0  2i 

0    0  3i 

0 

0  3| 

12 

0 

0 

n 

0 

0  li 

0     0 

2 

0 

0  2| 

0     0  3l 

0 

0  4i 

V6 

0 

0 

H 

0 

0  li 

0     0 

2^ 

0 

0  3 

0     0  3| 

0 

0  4^ 

14 

0 

0 

H 

0 

0  li 

0     0 

2i 

0 

03; 

0    0  4 

0 

0  5 

10 

0 

0 

H 

0 

oil 

0     0 

24 

0 

0  3i 

0    0  4i 

0 

0  5t 

16 

0 

0 

H 

0 

0  2 

0     0 

2| 

0 

0  3| 

0    0  4| 

0 

0  5| 

17 

0 

0 

1 

0 

02 

0     0 

3 

0 

0  4 

0    0  5 

0 

0  6 

18 

0 

0 

1 

0 

0  2i 

0     0 

3 

0 

0  4i 

0    0  5t 

0 

0  6i 

19 

0 

0 

1 

0 

0  2^ 

0     0 

3i 

0 

0  4i 

0    0  54 

0 

0  6-1 

Pounds  1 

0 

0 

H 

0 

0  2i 

0     0 

3i 

0 

0  4i 

0    0  6 

0 

0  7 

2!0 

0 

n 

0 

0  5 

0     0 

7' 

0 

0  9^ 

0     I   0 

0 

1   2| 

?>o 

0 

H 

0 

0  7 

0     0 

\K 

0 

12^ 

0     1   6 

0 

1   9i 

4 

0 

0 

5 

0 

0  9^ 

0     1 

2i 

0 

1  7 

0    2  0 

0 

2  4| 

5 

0 

0 

6 

0 

I  0 

0     1 

6 

0 

2  0 

0    2  6 

0 

3  0 

6 

0 

0 

'i 

0 

I  n 

0     1 

9t 

0 

2  4| 

0    3  0 

0 

3  7 

7 

0 

0 

^h  ^ 

I  4i 

0     2 

I 

0 

2  9; 

0     3  6 

0 

4  2t 

8 

0 

0 

n\  0 

I  7 

0     2 

4i 

0 

3  2% 

0     4  0 

0 

4  94 

9 

0 

0 

10| 

0 

1  9i 

0     2 

81 

0 

3  7 

0    4  6 

0 

5  4| 

10 

0 

1 

0 

0 

2  0 

0     3 

0 

0 

4  0 

0    5  0 

0 

6  0 

20 

0 

2 

0 

0 

4  0 

0     6 

0 

0 

8  0 

0  10  0 

0  12  0 

30 

0 

3 

0 

0 

6  0 

0     9 

0 

0  12  0 

0  15  0 

0  18  0 

40 

0 

4 

0 

0 

8  0 

0  12 

0 

0 

16  0 

1     0  0 

1 

4  0 

50 

0 

5 

0 

0  lO  0 

0  15 

0 

0  0 

I     5  0 

I 

10  0 

60 

0 

6 

0 

0  12  0 

0  18 

0 

40 

1  10  0 

1 

16  0 

70 

0 

7 

0, 

0 

14  0 ; 

1     1 

0 

8  0 

1  15  0 

2 

2  0 

80 

0 

8 

0 

0  I6  0 

1     4 

0 

12  0 

2    0  0 

2 

8  0 

90 

0 

9 

0 

0  18  0 

1     7 

0 

16  0 

2    5  0 

2 

14  0 

100 

0 

10 

0 

I 

0  0 

1   10 

0 

2 

0  0 

2  10  0 

3 

0  0 

200 

1 

0 

0 

2 

0  0 

3     0 

0 

4 

0  0 

5    0  0 

6 

0  0 

300 

I 

10 

0 

3 

0  0 

4  10 

0 

6 

0  0 

7  10  0 

9 

0  0 

400  2 

0 

0 

4 

0  0 

6     0 

0 

8 

0  0 

10    0  0 

12 

0  0 

.500 

2 

10 

0 

5 

0  0 

7  10 

0 

lo 

0  0 

12  10  0 

15 

0  0 

600 

3 

0 

0 

6 

0  0 

9     0 

0 

12 

0  0 

15    0  0 

18 

0  0 

700 

3 

10 

0 

7 

0  0 

10  10 

0 

14 

0  0 

17  10  0 

21 

0  0 

soo 

4 

0 

0 

8 

0  0 

12     0 

0 

16 

0  0 

20    0  0 

24 

0  0 

900!4 

10 

0 

9 

0  0 

13  10 

0 

18 

0  0 

22  10  0 

27 

0  0 

I       100015 

0 

0  1 

10 

0  0 

1.5     0 

0 

20 

6  0 

25    0  0 

30 

0  0 

TABLES. 
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A  Table  of  the  Returns  of  the  Neat  Proceeds  of  an  Account  of  Saks 
from  a  Fador  to  his  Employer,  reserving  his  Ccmmiisions  for  Remit-' 
tance. 


1 

Sutn  to  be  re- 

5«/w  to 

^^  r.- 

iS'i/Wi  ta  bn  remit-  \iium  to  he  remit- 

Neat  Pro- 

mitted,referij- 

mitted,  referv- 

Neat  Pro-   ted,  referring  2\\ted,    referring  5 

ceed 

r. 

ing2^-pr.cetit. 

'"S  5  P 

r  iTi?;/^ 

ceeds.         per    cent. 

com-\per    cent.      com- 

coTnm'ijJton. 

commiJJ 

on. 

m'xjjion. 

\miJfton. 

^•.s. 

"57 

£.     S.     d. 

£'  s. 

d. 

£.      s.d. 

L'    s. 

d.        /,.       S.       d. 

3 

3 

2| 

6  0  0 

5  17 

0|      5  14     5^ 

4. 

4 

Si 

7  0  0 

6  16 

7        6  13     4 

^ 

5J 

44 

8  0  0 

7  16 

U      7  12     41 

6 

5| 

5| 

9  0  0 

8  15 

7i     8  11     5i 

7 

6| 

6i 

10  0  0 

9  15 

H 

9  10     5| 

S 

n 

7i 

20  0  0 

19  10 

3 

19     0  lU^ 

9 

«4 

8' 

30  0  0 

29     5 

44 

28  11     51 

10 

91 

91 

40  0  0 

39     0 

5|    38     1   10^ 

11 

10^ 

lot 

50  0  0 

48  15 

71   47  12    4^ 

1 

0 

11| 

lU 

GO  0  0 

5^   10 

S|   57     2  10^- 

2 

0 

1    111 

1 

101 

70  0  0 

68     5 

10      66  13     4 

3 

0 

2  111 

2 

lOi: 

80  0  0 

78     0 

HI    76     3     9| 

4 

0 

3  10| 

3 

9| 

90  0  0 

87   16 

1      85  J4     2>^^ 

5 

0 

4  101 

4 

91 

100  0  0 

97  11 

24    95     4     9 

6 

0 

5   10^ 

5 

81 

£00  0  0 

195     2 

51190     9     6i 

7 

0 

6  10 

6 

8 

300  0  0 

292  13 

8    285  14     3^ 

8 

0 

7    9| 

7 

7i 

400  0  0 

S90     4 

10^380  19     04 

9 

0 

8     91 

8 

6| 

500  0  r 

i87  16 

U476     3     9^ 

10 

0 

9     9 

9 

6i 

600  0  C 

585     7 

3-1571     8     6| 

1     0 

0 

19     61 

19 

0-^ 

700  0  0 

682  18 

4|666  13     4 

2    0 

0 

1    19     Oi:4   18 

U 

800  0  C 

780     9 

9    761   18     1 

3    0 

0 

2  18     6^2  17 

1| 

900  0  ( 

^78     0 

11|857     2  10 

4    0 

0 

3  18     0^3  16 

2i 

1000  0  ( 

975  12 

21952     7     7i 

5     0 

0 

4^   17     f^^%   '.5 

2^ 

f 

Suppose  I  have  the  neat  proceeds,  or  balance  of  an  account  of  sales 
3251.  17s.  9d.  in  my  hands  and  would  make  remittance  to  my  em- 
ployer, reserving  my  commission  at  2^  per  cent.  What  sum  must 
fee  remitted,  so  that  my  employer's  account  may  be  closed  ? 


r3oo 

j     20 


Against  \ 

I 

I 


s/d 
0  01 
0  0 
0  0 
10  0 
7  0 


stands 


£.     s. 

r292  13 
19  10 
J      4  17 
9 


d. 
8 
3 
6-i 


6  10 

8i 


To  be  remitted  £M1  18    9|  Answer. 


-STABLE 


S60 


TABLES. 


-V  ABLE,  shiuing  the  numher  of.  Days  from  any  Day  m  any  Month  to  the 
same  Day  in  any  otbzr  Month  through  the  Tear, 


From  Jan.  Feb.  Mar.  Apr.  May.  Jun.  July.  Au^.  Sep.  Oct.  Nov.  Dec.} 

To  J.in.  |3^.5  1  334  |  30.'>  |  275  (  ^-!..  |  .  '  j  !  ^- 

.-:>  1  \.2\     9^  i  ...  !  ■>! 

1-eb.  1  31  1  3oo  1  337   30r;  \  :-   (    \    .-u,  \  ilo 

16.  (  ,.3  112:.  I  92  j   :2 

Mar.l  59  1  28  f  3b'3  334  |  IvO-I 

\   273   2'-i3 

212   181  1  i51  1  l-'O  1  90 

Apr.  (  90  j  59  1  31  j  365  |  335 
May  1 120  1  '89  |  61  |  .SO  |  3^55 

304  274 
334   304 

243   212   182  ]  151  |  121 

273   242   212  j  181   l.'l 

June  1151  1  120  1  9-^  1  61 

31 

36  -.   335 

304   273   243  |  211-   )  '2 

July  |T^l  1  '  "'">  1  ''^2  I  Ml 

61 

.30   365 

334   303   273  |  '■j.V.    |  ti !  2 

Aug..iii2  i  tH.  1  I6;i  1  .21. 

92 

61    .31 

365   33-3   304  j  v73  j  .43 

Sept.  !243  1  212  I  184  j  153 

'  Oa.   |273  j  242'j  214  1  183 

Nov.  1304  1  273  1  'M5  1  ^T-1 

123 

92    63 

31   365   335  j  .304  |  274 

153 

122  92 
153  1  123 

61    30  365  I  334  |  .304 
92  j  61  !  31  1  365  |'3:;5 

Dec.  13.34  1  .';03  I  i.'7.  !  M'i   i  .:  .  1  183  ]  153  |  122  |  91  |  61' |  30  |  365| 

The  use  of  the  precedhig  Table  of"  number  of  days,  v/ill  easily 
appeal  from  the  following  examples. 

Suppose  the  number  of  days  between  the  1st,  or  lOtli,  or  30th,  &c. 
of  January,  and  the  1st,  or  10th,  or  30th,  &c.  of  Odober,  were  re- 
quired ?  Look  in  the  column  under  January  for  0«flober,  and  against 
that  month  you  will  find  273,  which  is  the  number  of  days  between 
the  said  times  ;  and  sp  for  the  days  between  any  other  two  months. 

If  the^/w«  days  be  different,  it  is  only  adding  or  subtrafling  their  in- 
equality to  or  from  the  tabular  number* 

How  many  days  from  the  6th  of  April  to  the  12th  of  January  ? 
From  the  6th  of  April  to  the  6th  of  Jannary  is  275,  and  adding  the 
C  overplus  days,  it  makes  281  days.  And  from  the  5tli  of  June  to  tlie 
1st  of  February  is  240  days. 

Note,  After  Februar \r  3 1 ,  ( in  leap  years)  increase  each  number  with 
an  unit  or  L 


A  Table 


TABLES.  B$l 

^  Table  of  the  Measure  of  Length  of  the  principal  places  in  Europe  ^  com- 
pared  with  the  American  yard. 

I oo  Aunes  or  Ells  of  England,  -         -         -         -  —  12$ 

100 of  Holland  or   Amsterdam,  Hserlem,  Leyden,"! 

tiie  Hague,  Rotterdam,  Nuremberg,  and  oth-  V  =     75 
er  cities  of  Holland,                                           j 

ico  — ■■ — of  Brabant  or  Antwerp,  -         -         -         -  =     76 

100  — —  of  France  and  Oznaburg,    -         -         -         -  =1285^ 

ICO  of  Hamburg, Franckfort,Leipsick,Bern,and  Basil,=     62^ 

ICO  — i —  of  Breslau, =60 

leo  of  Dantzick, =     66^ 

ICO of  Bergen  and  Drontheim,  -         ~         -  =     68^ 

ICO  of  Sweden  and  Stockholm,      -         -         -         -  =     65J 

100  of  St.  Gall,  for  Linens,       -         -         -         -  =     87^ 

100  of  ditto  for  Cloths, =     67 

100  of  Geneva =  124^ 

100  Canes  of  Marseilles:  and  Montpelier,         -         -         -  =  214J- 

IQO  of  Thoulouse  and  High  Languedoc,    -         -  =  200 

100  of  Genoa,  of  9  palms,  -         -         -         -  =«  245^ 

100 of  Rome, =  227^ 

100  Varas  of  Spain, --  =     93^ 

100  of  Portugal, =123 

100  Cavidos  of  Portugal,      -         -         -         -         -         -  =     75 

100  Brasses  of  Venice,  ^ =73^ 

100  — ^- of  Bergamo, =     V^i 

100  of  Florence  and  Leghorn,  -         -         -  =64 

ICO  of  Milan, =    58! 

The  use  of  the  following  Table,  dire&ing  hoifj  to  buy  and  sell  by  the  hundred. 

If  you  buy  or  sell  any  thing  by  the  great  hundred  ( 1 1 21b.)  and  de- 
sire to  know,  by  the  lb.  what  the  hundred  is  valued  at,  observe  the 
following  examples. 

1.  If  you  buy  sugar  at  djd.  per  lb.  look  for  Q^d.  in  the  left  hand 
column  of  the  Table,  against  it,  in  the  second  column,  you  will  Hnd 
jf  .3  3s.  which  is  the  value  of  Icwt,  at  thut  rate. 

2.  If  Icwt.  (1 12jb.)  cost  ;C.9  4s.  4d.  to  know  how  much  it  is  per 
lb.  look  ;C.y  4s.  4d.  In  the  fourth  column,  and  against  it,  in  the  next 
left  hand  column,  you  will  find  Is,  l^d.  which  is  the  price  per  lb. 

Again,  If  you  buy  one  hundred  weight  of  goods  for  91.  4s.  4d. 
and  retail  it  at  Is.  Oj-d.  per  lb.  it  comes  at  that  rate  to  lOi.  3s,  ;  then 
take  91.  4s.  4d.  from  I  Ol.  3s.  and,  by  the  remainder,  you  will  find 
that  you  have  gained  18s.  8t!. 

And  in  this  manner  youma;,  vv,.  ,  .,  ,  •.alculate  any  quantity  by 
the  following  Tabic. 

y^TABLB 

'2...X 


"^m 


TABLES. 


^^  Table  dire^'tng  hoiv  to  buy  and  sell  hy  the  hundred. 


}     ^^ 


0  118 
0  11.  0 
0  16  4 
0   18  8 


4^ 


n 


H 


II 


2     0 


5  U  4 
5  16  8 

5  19  0 

6  14 
6  3  8 
6  6  0 
6  8  4 
6  10  8 


6  13 
6  15 

6  17 

7  0 


7  2 

7  4 

7  7 

7  9 


7  n 
7  14 
7  16 
7  18 


s.  d.    I 

2  0|t 

2  0^1 

2  0|! 

2  1     I 


8  1 
8  3 
8  5 
8  8 
8  10 
8  12 
8  \5 
8   17 

8  19 

9  2 
9  4 
9     6 


9  9 

9  \i 

9  13 

9  16 

9  18 

10  0 

10  3 

10    r> 

10  7 
10  10 
10  12 
10  14 

10  17 

10  19 

11  1 
11     4 


2  11 

2  1| 

2  2 

2  2^ 

2  2^^ 

2 
2 
2 
2 
2 
<? 


31 
3| 
4 


2     4J 


4| 


.5^ 
5^ 


6i 
6^ 


7i 


9 

91 

9| 

10 


2  10^ 
10^ 
10| 

11 

Hi 
0 


/;.  s.  d. 

116  4 

118  8 

11   11  0 

11    13  4 

1'    15  8 

11    18  0 

12     0  4 

12     2  8 

12     5  0 

12     7  4 

12     9  8 

12  12  0 

12  14  4 

12  16  8 

12  19  0 

13     1  4 

13     3  8 

13     6  0 

13     8  4 

13  10  8 

13   13  0 

13  15  4 

13  17  8 

14     0  0 

14     2  4 

.14     4  8 

14     7  0 

14     9  4 

14  11   8 

14  14  0 

14  16  4 

14  18  8 

15     1  0 

15     3  4 

15     5  8 

15     8  0 

15   10  4 

15  12  8 

15   15  0 

15   17  4 

15  19  8 

16     2  0 

16     4  4| 

16     6  8| 

16     9  0 

16   11  4 

16   13  8 

16  16  0 

TABLES. 
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A  Compartson  of  the  American  Foot  iv'itb  the  Feet   */  other  Countries. 

The  American  Foot  being  divided  into  1000  parts,  or  into  12  indi^ 
««,  the  feet  of  several  other  countries  will  be  as  follow. 


America,      -     -     -     - 
London,     -     -     -     - 
Antwerp,       -     -     -     - 
Bologna,    -     -     -     - 

Bremen, 

Cologne,    -     -     -     - 
Copenhagen,      -     -     - 
Amsterdam,  -     -     - 
Dantzick,      -     -     .     - 

Dort, 

F.rankfort  on  the  Main, 
The  Greek,     -     -     - 
Lorrain,  ,.---- 
Mantua,     ..     -     -     - 
MeckUn,       -     -     -     - 
Middleburg,  -     -     - 
France,    ^     -     -     -     - 
Prague,      .     -     -     - 
Rhyneland  or  Leyden, 

R'ga, 

Roman,   -     -     -     -     - 
Old  Roman,        -     - 

Scotch, 

Strasburgh,     -     -     - 

Toledo, 

Turin,  -  .  -  -  - 
Venice,  -  -  -  ^  - 


Parts. 

1000 12 

1000  -  -  -  - 

946  -  -  -  - 

.  1204  -  -  -  . 

964-  ...  - 

.  954-  -  -  -  - 

965  -  -  -  - 

.  942  -  -  -  - 

944  -  -  -  - 

.  1184  -  -  -  - 

948  -  -  -  - 

.  1007  -  -  -  - 

958  -  -  -  - 

.  1569  ...  - 

919  -  -  -  - 

.  991  ...  . 

1066  .  .  .  • 

.  1026  -  -  -  - 

1033  .  -  -  - 

-  1831  .... 

967  -  -  -  - 

-  9^0  ...  - 
1005  ...  - 

.  920  -  -  -  - 

899  .... 

-  1062  ...  - 
1162  .... 


»ch. 

lin. 

points. 

12 

0 

Odec, 

12 

0 

0 

11 

4 

1-32 

14 

5 

2-25 

11 

6 

4-89 

H 

5 

2-25 

11 

6 

5-76 

11 

3 

3-88 

11 

3 

5-61 

14 

2 

2-97 

il 

4 

307 

12 

1 

004 

II 

5 

5-71 

18 

9 

5-61 

11 

0 

2-01 

14 

10 

4-22 

12 

9 

3-34 

12 

3 

4-46 

12 

4 

4-51 

21 

11 

3-98 

11 

7 

1  48 

11 

8 

0 

12 

0 

4-32 

11 

0 

2-88 

10 

9 

2-7$ 

12 

8 

5-66 

13 

11 

1-96 

A  Table  representing  the  Conformity  of  the  iveights  of  the  principal  trading 
Cities  of  Europe  with  t/jose  Bf  America, 


lb. 

of  America. 

100  of  England,  Scotland  and  Ireland, 

Equal    lOOlbiOQz, 

100  of  Amsterdam,  Paris,  Bourdeaux,  &c. 

109      8 

100  of  Antwerp,  or  Brabant, 

.     103    12 

100  of  Rouen,  the  Viscounty, 

113   14 

100  of  1  vnns    thp  citv            ... 

H/i        a 

100  of  Rochelle, 

110     9 

100  of  Toulouse,  and  Upper  Languedoc, 

.     92     6  • 

100  of  Marseilles  and  Provence, 

88   11 

100  of  Geneva,             .         .         .         .         . 

123 

100  of  Hamburg, 

107     5 

100  of  Frankfort,          .         .         .         .          . 

-     HI    11 

!0Q  of  Leipsick,       .         -        -        . 

104     5 

v^  Table 


38* 


TABLES. 


^  Table  representing  the  Conformity  of  the  Weights  of  the  principal  tract-, 
ing  Cities  of  Europe  with  those  of  America. 


100  of  Genoa, 
100  of  Leghorn, 

100  of  Milan, 

100  of  Venice, 

100  of  Naples, 

100  of  Seville,  Cadiz,  &c.         -         -         , 
100  of  Portugal,  .         .         -         . 

100  of  Liege, 

100  of  Spain, 

Note,  The  Spanisli  Arrobe  is  25  Spanish  pounds. 


of  America, 
Equal     73 


75 
65 

64 
103 

95 
104 

97 

25 


8 

3 
11 
10 

7 
4 

dr. 
12  6 


A  TaI'.le  to  c?.it  u 

p  wages,  or  ex-l 

penfes,   for  a  year,   at  io  much| 

per  diiy,  v/ 

eek,  o 

r  month. 

uontij.\     by  year 

Di'j.   1  ty  ivei 

L\/>v^ 

s.    ci.£.  s. 

'i-  I- 

s.  d.    £.      s. 

d. 

0     10     0 

1    0 

2  4,      1    10 

5 

0     20     1 

2    0 

4  8      S     0 

10 

0     30     1 

9    0 

7  01     4   11 

3 

0     40     2 

4   0 

9  4]     6      I 

8 

0     50     2 

11    0 

11    8j     7   12 

1 

0     €0     3 

6    0 

14  Oj     9     2 
16  4    10  12 

6 

0     TO     4 

i;  0 

11 

0     80     4 

s'o 

18  8    12     3 

4 

0     9,0     5 

3    1 

1   or  13   13 
3  4    15     4 
5  8i"'l6   14 

9 

0   100     5 

1  .....  i> 

lOi   1 

2 

7 

0   110     6 

5    1 

1      00     7 

0    1 

8  0'   18     5 

0 

2     OlO  14 

0    2 

16  O'  36   10 

0 

3     0|l      1 

0    4 

4  0;  54  15 

0 

4     0,1      8 

0    5 

12  0   73     0 

c 



1  ,    ._.. 

_ 

5     O'l    1.5 

0    7 

0  0    91      5 

0 

6     02     2 

0   8 

8  O109   10 

0 

7     02     9 

0    9 

16  0127    15 

0 

8     0'3  16 

Oil 

4  0146     0 

0 

9     0j3     3 

012 

12  0  164     5 

0 

10     OjS  10 

"o!i4" 

0  0182   10 

0 

11     0:3  17 

0|l5 

8  0  200  15 

c 

12     04     4 

016 

16  0219     0 

0 

13     04  11 

0|l8 

4  Oj237     5 

0 

14     04   18 

Ojl9 

12  0;255   10 

c 

15    or*    5 

'■b;2i' 

0  0:273   15 
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CHRONOLOGICAL  PROBLEMS.  $67 

AN  ACCOUNT  of  the  Gregorian  or  New  Style,  together  nu'ith  some 

Chronological  Problems, /or  ^«J/ng-  the  Epad,   Golden  Number, 

Moon's  Age,  £fff. 

POPE  GREGORY  the  Xlllth.  made  a  reformation  of  the  calen- 
dar. The  Julian  calendar,  or  old  style,  had,  befoie  that  time,  been 
in  general  use  all  over  Europe.  The  year,  according  to  the  Julian 
calendar,  consists  of  three  hundred  and  sixty  five  days  and  six  hours  ; 
which  six  hours  being  one  fourth  part  of  a  day,  the  common  years 
consisted  of  three  hundred  and  sixty  five  days,  and  every  fourth  year, 
one  day  was  added  to  the  month  of  February,  which  made  each  of 
those  years  three  hundred  and  sixty  six  days,  which  are  usually  call- 
ed leap  years. 

Thibi  computation,  though  near  the,  truth,  is  more  than  the  solar 
year  by  eleven  minutes,  which,  in  one  hundred  and  thirty  one  years, 
amounts  to  a  whole  day.  By  which  the  Vernal  ^Equinox  was  anti- 
cipated ten  days,  from  the  time  of  the  general  council  of  Nice,  held 
in  the  year  325  of  the  Christian  -^ra,  to  the  time  of  Pope  Gregory  ; 
who  therefore  caused  ten  days  to  be  taken  out  of  the  month  of  Odo- 
ber  in  1682,  to  make  the  iEquinox  fall  on  the  2 1st  of  March,  as  it  did 
at  the  time  of  that  council.  And,  to  prevent  the  like  variation  for 
the  future,  he  ordered  that  three  days  should  be  abated  in  every  four 
hundred  years,  by  reducing  the  leap  year  at  the  close  of  each  century, 
for  three  successive  centuries,  to  common  years,  and  retaining  the  leap 
year  at  the  close  of  each  fourth  century  only. 

This  was  at  that  time  esteemed  as  exactly  conformable  to  the  true 
-solar  year  ;  but  Dr.  Halley  makes  the  solar  yeir  to  be  three  hun- 
*dred  and  sixty  five  days,  five  hours,  forty  eight  minutes,  fifty  four 
seconds,  forty  one  thirds,  twenty  seven  fourths,  and  thirty  one  fifths: 
According  to  which,  in  four  hundred  years,  the  Julian  year  of  three 
hundred  and  sixty  five  days  and  six  hours  will  exceed  the  solar  by 
three  days,  one  hour  and  fifty  five  minutes,  which  is  near  two  hours, 
;iO  that  in  fifty  centuries  it  will  amount  to  a  day. 

Though  the  Gregorian  calendar,  or  new  style,  had  long  been  used 
throughout  the  greatest  part  of  Europe,  it  did  not  take  place  ia 
Great  Britain  and  America  till  the  first  of  January,  1752  ;  and  in 
September  following,  the  eleven  days  were  adjusted  by  calling  the 
third  day  of  that  month  the  fourtecndi,  and  continuing  the  rest  in 
their  order. 


CRONOLOGICAL  PROBLEMS. 

Problem  I. 

Ai  there  are  three  leap  years  to  be  abated  In  every  J  o:.  t  (,w  inns  :  m  ., ,  r  i^  ru-iM 
to  find  in  which  century  the  last  year  is  to  be  a  leap  yeat ,  and  in  which  ll 
is  not.  '  ■ 

Rule. — Cut  off  two  cyphers,  aiui. divide  the  remaining  figures  by 
4  ;  if  neching  remain,  th«  year  \^  a  leap*  yeur. 

Ex  A  MP. 
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ExAMP.  li  Theyiear  ISiOO- 
4)18(4 
16 


ExAMp.  3.  The  year  20100* 

4)20(5 

20 


Exam  p.  2.  The  year  19|00. 

4)19(4' 

16 


0 

Ex  AM  p.  4.  The  year  40|00» 

4)40(10 

4 


3  0 

The  first  and  second  examples,  having  remainders,  shew  the  years 
to  be  common  years  of  three  hundred  and  sixty-five  days  ;  but  the 
third  and  fourth,  having  no  remainders,  are  leap  years  of  three  hun- 
dred and  sixty-six  days. 

Problem  II. 

Tof,ndy  nv'ith  regard  to  any  other  years,  nvhether  any  given  year  he  leap  year ^ 
and  the  contrary* 

Rule. 

Divide  the  propjosed  year  by  4,  and  if  there  be  no  remainder, 
after  the  division,  it  is  leap  year;  but  if  1,  2  oi  3  remain,  it  is 
the  first,  second  or  third  after  leap  year. 

ExAl 


I.  For  thq 

year 

1784. 

ExAMP. 

2.  For   the  year    1786. 

4)1784(4«16 

4)1786(446 

16 

16 

18 

18 

16 

16 

24 

26 

24 

24 

0 

"T  ("second  after 
(^leap  year. 

Problem  III. 

To  find  the  Dominical  Letter  for  any  year,   according  to  the  Julian  meth- 
od of  calculation* 

Rule. 

Add  to  the  year  Its  fourth  part  and  4,  and  divicle  that  sum  by 
7  :  if  nothing  remain,  the  Dominical  Letter  is  G  ;  but  if  there  be 
any  remainder,  It  shews  the  letter  in  a  retrograde  order  from  G,  be- 
ginning the  reckoning  with  F  ;  or,  if  it  be  subtracted  from  7,  you 
will  have  the  index  of  the  letter  from  A,  accounting  as  follows  ; 
A  B  C  D  E  F  G 
12      3      4      5      6     7 

ExAMP. 
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ExAMP.  For  the  year  1786. 

("Given  year=l 786 

Add  "J  Its  fourth  =  446 

i     And  4 

7)2236(319 
21 

13 
7 

66 
63 

And  7 — 3=4=D,  reckoning  from  A. 
Problem  IV. 

To  find  the  Dominical  Letter  for  any  year  according  to  the  Gregorian  com- 
putation. 
Rule. — Divide  the  year  and  its  fourth  part,  less  1  (for  the  present 
century)  by  7  ;  subtra*^:  the  remainder  after  the  division,  from  7,  and 
this  remainder  will  be  the  index  of  the  Dominical  Letter,  as  before  : 
if  nothing  remain  it  is  G. 

Exam  p.  1.  For  the  year  1810.       Exam  p.  2.  For  the  year   1812.** 
^^j  j" Given  year=:1 810  1812 


CGi^ 
I  Its 


fourth  =  452 

452 

2262 
Subtraa        I  ■ 

.2265 

1 

7)2261(323 
21 

7)2264(323 
21 

16 
14 

16 
14 

21 
21 

24 
21 

And  7— 0=7=G. 

And  7--3=^4=D. 

Problem 

*  Here  it  ig  to  be  obferved,  that  every  leap  year  has  two  Dominical  Letters  ; 
that,  found  by  this  rule,  is  the  DomiiiiCal  Letter  from  the  twenty-fifth  day  ol  Feb* 
ruary  to  the  end  of  the  year  ;  and  the  next  in  the  order  of  the  alphabet  Icrvts 
from  the  firft  of  January  to  the  twenty-lourth  of  Tebruary. 

In  tlie  2d.  Example,  1)  is  the  Dominical  Letter  for  the  year  ;  but  E,  the  next  iu 
the  order  of  the  alphabet,  is  the  Dominical  Lctler  for  January  and  February.  From 
this  interruption  of  the  Dominical  Letter  every  fourth  year,  it  is  twenty-eight 
years  beftjre  the  Dominical  Letter  returns  to  the  fame  order,  which,  were  it  act 
■for  the  leap  years,  would  return  to  the  f.ime  c\ery  feven  year*. 

This  Cycle  of  twcnty-ei^^'ht  years  i>  called  the  Cvcle  of  the  5ut«. 


mo  CHRONOLOGICAL  PROBLEMS. 

Problem  V. 

Tojind  the  Prime,  or  Golden  Number. 

Rule. 

Add  1  to  the  given  year  ;  divide  the  sum  by  1 9,  and  the  remain- 
der, after  the  division,  will  be  the  Prime  j  if  nothing  remain,  then  19 
will  be  the  Golden  Number. 

ExAMP.  For  the  year  1786. 
To  the  given  year  1786 
Add        1 

19)1787(94  I 

171 

77 

76 

i   Golden  Number. 

The  Golden  Number,  or  Lunar  Cycle,  is  a  period  of  1^  years,  in- 
vented by  Metoriy  an  Athenian^  and  from  him  called  the  Metonick  Cycle. 
The  use  of  this  cycle  is  to  find  the  change  of  the  moon  ;  because,  af- 
ter 19  years,  the  changes  of  the  moon  fall  on  the  same  days  of  the 
month  as  in  the  former  1 9  years  ;  though  not  at  the  same  time  of 
the  day,  there  being  an  anticipation  of  one  hour,  twenty-seven  minutes, 
forty-one  seconds,  and  thirty-two  thirds  ;  which,  in  312  years, 
amount  to  a  whole  day.  Hence,  the  Golden  Number  will  not  show 
the  true  change  of  the  moon  for  more  than  three  hundred  and  twelve 
years,  without  being  varied.  But  the  golden  number  is  not  so  well 
adapted  to  the  Gregorian^  as  the  Julian  calendar  :  The  epad:  being 
more  certain  in  the  new  style,  to  find  which,  the  golden  number  is  of 
use. 

Problem  VI. 

To  find  the  Julian  Epa&. 

Rule. — First  find  the  Golden  Number,  which  multiply  by  1 1,  and 
the  produtfl,  if  less  than  30,  will  be  the  number  required  ;  if  the  piod- 
u(ft  exceed  30,  then  divide  it  by  30,  and  the  remainder  is  the  epa(^. 

ExAMP.  I.  For  the  year  1786. 
To  the  given  year  1786 
Add         1 


19)1787(94 
.171 

7T 

76 

Golden  Number  =1  and  1  X  11  =  11  the  Julian  Epad. 

Ex  A  Mr; 
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Exam  p.  2.  For  the  year  I7Q^ 
1791 


19)1792(94 
171 


82 
76 


6=Golden  Number,  and  6X11=506,  therefore  30)66(2 

60 


6  Epaft. 


Problrm  VIL 
To  Jind  the  Gregorian  EpaB, 


Rule.  Siibtraft  11  from  the  Julian  Epa<5t  :  If  the  subtraction  can- 
iiot  be  made,  add  30  to  the  Julian  Epaft  ;  then  subtrad,  and  the  re- 
mainder will  be  the  Gregorian  Epad:  j  if  nothing  remain,  the  Epa«Sl 
is  29. 

Or,  take  I  from  the  Golden  Number,  and  divide  the  remainder  by 
3  ;  if  1  remain,  add  10  to  the  dividend,  which  sum  will  be  the  Epadl ; 
if  2  remain,  add  20  to  the  dividend  ;  but  if  nothing  remain,  the  div- 
idend is  the  Epa(5t. 

ExAMP.  1.  For  the  year  1786.         Examp.  3.  For  the  year  1791. 
The  Julian  Epad  being  1 1       The  Julian  Epadt  being  but    6 
Subtrad   li  Add  to  it  30 


Because   nothing  remains,  the 
Epad  is  29. 

Or, 
Examp.  2.  For  tlie  year   1786. 
The  Golden   Number  being   I 
Take  from  it  1 

Divide  by  3  0(0 
There  being  no  remainder,  the 
Epad  is  29,  as  before. 


36 

Subtrad   II 

Gregorian  Epad=25 
Or, 
FxAMP.4.  For  the  year  I79I. 
The  Golden  Number  being  6 
Take  from  it  1 

3)5(;i 

3 


Therefore,  as  2  remains,  add 
20  to  the  dividend,  and  it  gives 
the  Epad  25,  as  before. 

Ji  general  Rule  for  finding  the  Gregorian  EpaQ  forever. 
Divide  the  centuries  of  any  year  qf  the  Christian  JEta  by  4,  (re- 
jeding  the  subsequent  numbers  ;;  multiply  the  remainder  by  17»  and 

to 


^Bn 
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to  this  produdl  add  the  quotient  multiplied  by  43  ;  divide  this  sum 
plus  86  by  25,  multiplying  the  Golden  Number  by  11,  from  which 
subtra<5l  the  last  quotient,  and  rejeding  the  thirties,  the  remainder  will 
be  the  Epa<5l. 

ExAMP.  For  the  year  1786. 

Rejefting  the  subsequent  numbers  86,  it  will  be  17. 
4)17(4 


16 


1 


Multiply  by  17 

17 
Add  4X43=172 

189 

Add  86 

25)275(11 
25 

25 
.  25 


Golden  Number  =r   1 
Multiply  by  1 1 

Subtrad  11^  last  quotient  =11 

00 
Therefore,  as  nothing  remains, 
the  Epa(5l  is  29,  as  before. 


-^  Table  of  ti£  nineteen  EpaBs  for 

the  Julian  and  Gregorian; 

AccountSy  by 

the  Golden  Number, 

[ 

jHlian 

Greg.  1 
Epaa.l   f>-N. 

Julian 

Greg. 

Julian 

Greg. 

G.N. 

Epadl. 

Epadt 

Epaa. 

G.N. 

Epaa. 

Epaa. 

1 

11 

29  1 

7 

17> 

6 

13 

23 

12 

2 

22 

H  1 

8 

28 

17 

14 

4 

23 

3 

3 

22 

9 

9 

28 

15 

15 

4 

4 

14 

3 

10 

20 

9 

\6 

26 

15 

5 

25 

14 

11 

1 

20 

17 

7 

26 

6 

6 

25 

12 

12 

1 

18 

18 

7 

19 

29 

18 

Problem  VIII. 

To  calculate  the  Moon's  Age  on  any  given  day. 

Rule. — To  the  given  day  of  the  month,  add  the  Epadl  and  num- 
ber of  the  month  :  If  the  sum  be  less  than  30,  it  is  the  Moon's  age, 
but  if  it  exceed  30,  then  take  30  from  it,  and  the  remainder  will  be 
the  Moon's  age. 

Note.  The  numbers  to  be  added  to  the  following  months,  are  as  fol- 
low: 

f  January   ]  0  f  July  {   5"] 

2  I  August       j    6  j 

!  1  J  September  J    8  ! 

\  2  "^  October      1     8  r 


To^' 


j  February 
'  March 


April 
May 

June 


IS 

J4^ 


November  j  10  } 
, December  \^\0} 


Example, 
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Example.  For  January  25th,  1786. 
r  Given  day  =  25 

Add  -J  Epaa  =  29 

(.No.  of  the  month ^00 

Subtraa  30 

^  24  =  Moon's  age. 

Problem  IX. 

Tojind  the  times  of  the  Neio  and  Full  Moony  and  thejirst  and  last  Quarters. 

Rule. — Find  the  iffoon's  age  on  the  given  day,  then,  if  it  be  15, 
the  Moon  will  be  full  on  that  day,  and  by  counting  7i  days  back- 
ward and  forward  you  will  haye  the  first  and  last  quarters,  and  by 
counting  backward  and  forward  15  days,  you  will  have  the  times  of 
the  last  and  next  change  ;  but  if  the  age  of  the  Moon  be  greater  than 
15,  take  15  from  it,  and  the  remainder  will  shew  how  many  .days 
have  passed  since  the  last  full  moon,  and  counting  these  backward, 
you  will  have  the  day  the  last  full  moon  happened  on,  and  l)y  know- 
ing that,  we  can  find  the  change,  or  either  of  the  quarters,  as  before. 

Again,  if  the  age  of  the  njjb|l^on  the  assumed  day,  be  less  than 
15,  then  take  that  from  15,  ^IJ^he  remainder  will  shew  how  many 
days  are  to  run  till  the  next  full'  moon,  which  you  will  have  by  ad- 
ding the  remainder  to  the  assumed  day  ;  and,  proceeding  as  before, 
you  will  have  the  days  of  the  change,  and  either  quarter  as  above, 
ExAMP.  For  Jan.  25th.  1786.    f  Assumed  day  =25 

Add  ^  Epadt  =j29 

C  Number  of  the  month=22 

54 

Sub  trad  3* 


Moon*s  age=24 
Subtr^d  15 

^I'ake  the  days  since  the  last  full  moon=  9 
From  the  assumed  day=:25 

To  the  day  of  the  full  moon=16th. 
Add   15 

NcwMoon  3 1  st. 

From  the  full  moon  1 6 
Take    Tf 

i'irst  quarter    9tli. 

I'o  the  full  Moon=ir) 
AddTi. 

Last  quartcr=23 

Proulkm 


^ 
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Problem  X. 

The  time  of  the  Moon's  coming  to  the  South,  after  the  Sun,  being  given,  to  find 
the  age  of  the  Muun. 

Rule. — As  24  hours,  the  whole  difference  of  time,  are  to  30,  the 
number  of  days  from  change  to  change,  so  is  the  difference  of  time> 
to  the  Moon's  age. 

Ex  iMPLE.  I  observed  the  Moon  to  be  on  the  meridian,  or  due  south, 
at  6  o'clock  in  the  afternoon  :  What  is  the  Moon's  age  ? 

24  :  30  ::  6  :  7|  days,  Ans. 

Problem  XL 

Tofnd  the  time  of  the  Moon's  Southing, 

Rule.  Multiply  the  Moon's  age,  on  the  given  day,  by  48  minutes, 
and  divide  the  produ(5l  by  60,  the  minutes  in  an  hour,  (or  multiply  hj 
4,  and  divide  by  5)  and  the, quotient  will  show  how  many  hours  and 
minutes  the  moon  is  later,  in  coming  on  the  meridian,  than  the  sun, 
and  counting  so  many  hours  and  minutes  forward  from  12  o'clock, 
"we  have  the  time  of  the  Moon's  southing  ;  if  the  hours  and  minutes, 
found  as  above,  be  less  than  12,  then,  that  will  be  the  time  of  the 
Moon's  southing  after  noon  ;  but,  if  greater  than  12,  then,  take  12 
from  them,  and  the  remainder  will  fc»the  time  of  the  Moon's  southing 
in  the  morning. 

Exam  p.  1.  Required  the  time  of  the  Moon's  southing  on  the  25th. 
day  of  January  1786  ? 


Or, 

Moon's  age  =  24 

24 

h.    m.                     48 

4 

From  19   12                  

— 

Take   12   00                    192 

5)96 

96 

—      h.  m. 

7    12 

h. 

m. 

19^^=19  12  as  before. 

Hence,  the  Moon  60)1152(19  12 
souths  at  12  min-  60 

utes  past  7  in  the  

morning.  552 

540 


12 


ExAMP.  2.  For  the  9th.  of  February  1786? 
Moon's  age=  10 
48 

h.  m. 

60)480'(8  0  afternoon,    is  the  time  of   the  MoonU 
48  southing. 

Note.  From  the  change  to  the  full,  the  Moon  comes  to  the  south 
afternoon  ;  but  from  the  full  to  tlie  change,  before  noon. 

Probliem 
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Problem  XIL 

Tojincl  on  what  day  of  the  ivcekf  any  given  day  in  any  month  will  fall. 

As  one  of  the  first  seven  letters  of"  the  alphabet  is  prefixed  to  eve- 
ry day  in  the  year  beginning  v»'ith  A,  v-hich  is  always  prefixed  to  the 
first  day  of  January  :  And  as,  in  common  years,  ..he  letter,  annexed 
to  the  first  Sunday  in  January,  shews  the  Dominical  Letter  for  that 
year  ;  but  every  leap  year  having  two  Dominical  Letters,  the  first 
of  which  serving  to  the  twenty  fourth  of  February,  and  the  other 
for  the  rest  of  the  year,  consequently,  in  any  comm.on  year,  the  Do- 
minical Letter  being  known,  the  first  of  January  may  be  easily  found, 
reckoning  from  A  according  to  the  natural  order  of  the  letters  :  and 
in  any  leap  year,  the  first  of  its  two  Dominical  Letters  will  shew  as 
above,  counting  from  A  1,  B  2,  C  3,  &c.  and  by  counting  backward, 
you  may  have  the  day  of  the  week,  on  which  the  first  cf  January 
will  happen. 

Rule. — Find  the  day  of  the  week  answering  to  the  first  of  Janu- 
ary that  year,  then  add  togeiher  the  days  contained  in  each  month 
from  the  beginning  of  the  year  to  the  proposed  day  of  the  month  in- 
clusively ;  divide  this  sum  by  7,  and  if  any  thing  remain,  after  the  di- 
vision, then,  count  so  many  forward,  beginning  with  that  day  on 
which  the  first  of  January  falls,  and  yon  will  have  the  day  of  the 
week,  on  which  the  proposed  day  will  fall  :  but  if  nothing  remain, 
then  the  day  of  the  week,  preceding  that  day  on  which  the  first  of 
January  falls,  answers  to  the  proposed  day. 

Example. 

On  what  day  of  the  week  will  the  5th  day  of  May  178C  fall  ? 

Jan,      31 

By  the  preceding  observations,  and  by  Feb.  28 
Prob.  4th,  the  first  of  January  is  found  March  31 
to  fall  on  Sunday.  April    30 

May       5th. 

Now,    counting  forward  six  days  from  7)125(17 

Sunday,  the  first  of  January  (inclusively)  7 

the  5th  of  May  falls  on  Friday.  — 

49 

6  from  Jan.  1. 
Problbm  xiir. 

To  Find  the  Cycle  of  the  Sun. 
Rule. — Add  25*  to  the  given  year  ;  divide   the  sum  by  28,  and 
the  remainder,  after  division,  is  the  Cycle  required  j  but  if  nothing 
remain,  the  Cycle  is  28.  Example. 

*  From  the  commencement  of  tliis  century,  9-|-lfi='.2o  mull  be  acUlod  to  the 
given  yciir.  The  leap  year  having  been  omitted  in  the  year  18W,  makes  it  nc- 
cefTary  to  add  25  to  the  date  of  the  year,  and  then  dividing  by  t'«,  it  will  give 
the  Cycle  right  during  the  prtl'cnt  century.  And  this  is  a  general  rule  to  be  ob- 
ferved,  that  when  a  leap  year  has  been  abated,  add  1«  to  the  number  wl»ich  w.» 
before  ;idded  to  the  year,  rcjctiting  'J8,  whou  it  exceeds  it,  and  this  numlxrr  being 
'led  to  the  year,  and  the  fum  divided  by  '-'8,  the  rcmaindt-r  after  divilion,  wiU 
the  Cycle  for  finding  the  Dominical  Letter.  Thus  in  the  nineteenth  century. 
It  will  be  9+16=:'J5,  and  in  the  twentieth  century  25+ UJ — 28^:13,  which  nnm- 
ber  win  fcf re  two  centuricB,  for  the  year  'JOOO  t»  a  leap  year. 
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For  the  year  1807? 

To  1807 
Add    25 

28)1832(65 
168 

L52 
140 


The  use  of  this  Cycle  is  to  find 
the  Dominical  Letter  by  the  fol- 
lowing Table. 


12  =  Cycle  required. 


A  Table  of  the  DGininical  Letters  for  the  New  Style,  aC'\ 

cording  to  the  C 

'ycleof 
iCycle." 

the  Sun. 

Cycle.  [Letter.  IjCycle.  1  Letter. 

Letter.  H  Cycle.  |  Letter.] 

1 

DC 

8          B 

15         G 

22 

E 

2 

B 

9      AG 

16         F 

23 

D 

3 

A 

10 

^ 

17       ED 

24 

C 

4 

G 

11 

E 

18 

c 

25 

BA 

.-> 

fe! 

12 

D 

19 

B 

26 

G 

6 

1) 

13 

CB| 

20 

A 

27 

F 

7 

c 

14 

A   1 

21 

GF 

28 

E 

Problem    XIV. 

To  find  the  year  of  the  Dlonyslan  Period* 

Rule. — Add  to  the  given  year  457  ;  divide  the  sum  by  532,  and 
the  remainder  will  be  the  number  required. 

Example. 

Required  the  year  of  the  Dionysian  Period  for  the  yea^  1786  ? 
To  1786 
Add  457 

532)2243(4 
2128 

I15=Dionysian  Period. 

Problem  XV. 

To  find  the  year  of  Indi&ion. 

Rule. — .Add  3  to  the  given  year  ;  divide  the  sum  by  15,  and  the 
remainder,  after  division,  will  be  the  Indidion  ;  if  nothing  remain, 
it  wjiU  be  15. 

Example. 
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EXAMFLE. 

Required  the  year  of  Indi»ftion  for  1786  ?• 
To  1786 
Add      3 


15)1789(119 
15 

28 
15 

139 
135 

^  ^rilndlcflion. 

Problem  XVL 
Tojind  the  Julian  Period. 
ftuLE. — Add  4713  to  the  given  year  and  the  sum  will  be  the  Jul- 
ian Period. 

Example. 
What  year  of  the  Julian  period  will  answer  to  the  year  1786  ? 
To  1786 
Add  4713 

%         

6499  Ans. 
Problem  XVIL 

*roJind  the  Cycle  of  the  Sun^   Golden  Number ^  and  Indidion^  for  any  current 

year. 
Rule. — To  the  current  year  add  4729  ;*  divide  the  sum  by  28, 
19  and  15,  respedlvely,  and  the  several  remainders  will  be  the  num- 
bers required  ;  when  nothing  remains,  the  divisor  is  the  number  re- 
quired. 

Example. 
What  are  the  Cycle  of  the  Sun,  Golden  Number,  and  IndI61ion> 
f5r  the  year  1807? 


1807 
4729 

19)C)536(f344 
57 

15)653C(4S5 
60 

16536(232 
56 

.      83 
76 

53 
45 

93 

84 

7(5 

SO 
75 

96                                        0 
84     Golden  Number  =  19 

India 

ion=:  1  ? 

12Cvcle 

of  the  Sun. 

pROULtM 

Or  anv  vcur  in  the  nlnotccnth  ccnturV  add  47104-1'*— 'J' ^• 
2.. .7.  *  •      ' 
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Problem  XVIIL 

To  find  the  time  of  li'tgh  Water. 
Rule. — Find  the  Moon's  southing,  to  which  add  the  point  of  the 
compass  making  full  sea,  on  the  full  and  change  days,  for  the  place 
proposed,  and  the  sum  will  be  the  time  required. 

ExAMPLk. 

I  demand  the  time  of  high  water  at  Boston,  January  25th,  1786i^ 
admitting  the  tide  to  flow  and  ebb  N.  W.  and  S.  E.  on  the  days  of 
change  and  full  ? 

We  have  before  found  the  Moon's  southing  to  be  7h.  12m.  in  the 
morning. 

h.  m. 
Therefore  to  7  12 

Add  4>     0  =  the  point  of  the  compass,  and  it     a 

Gives  11   1 2  in  the  morning,  for  the  time  of  high  water. 

Problem  XIX. 
Tojind  on  ivhat  day  Easier  ivlll  happen. 

It  was  ordered  by  the  Nicene  Council,  that  Easter  Sunday  sliould 
be  kept  on  the  first  Sunday  after  the  first  full  moon,  which  happened 
upon  or  after  the  twenty  first  day  of  Marcli,  the  day  on  which  they 
thought  the  Vernal  jEquinox  happened.  Thoueh  this  Avas  a  mistake, 
for  the  Vernal  -Equinox,  that  year,  fell  on  the^'entieth  of  March — 
But  yet,  the  full  moon,  which  fell  on,  or  next  after  the  twenty  first 
of  March,  they  called  the  Paschal  full  moon.  And  by  the  introduc- 
tion of  tlie  Gregorian,  or  New  Style,  the  jE.quinox  will  now  always 
happen  on  the  twentieth  or  twenty  first  of  March.  And  the  feast  of 
Easter  is  now  to  be  kept  on  the  next  Sunday  after  the  Paschal  full 
moon,  or  the  full  moon  which  happens  after  the  twenty  first  of 
March  ;  but,  if  the  full  moon  happens  on  a  Snnday,  Easter  day  is  to 
be  the  next  Sunday  after. 

Rule.— Find  the  age  of  the  moon  on  the  21st  of  March,  in  the 
given  year,  and  if  it  be  14,  then  find  the  day  of  the  v/eek  answering 
to  it,  and  the  Sunday  following  is  Easter  Sunday  ;  but  if  the  moon's 
age  on  the  21st  day  of  March  be  not  14,  then  reckon  forward  to  the 
day  on  which  the  moon's  age  is  14,  and  find  the  day  of  the  week  an- 
swering to  that  day  ;  the  Sunday  following  will  be  the  day  required 

N.  B,   On  leap  year  take  the  2()th  of  March. 

ExAMP.  When  does  Easter  happen  in  the  year  1786  ? 
21  of  March 
29  Epad. 
\  No.  of  the  month. 

5i 

Subt.  30 

21  Moon's  age. 

Add  23  J^^*  ^^  ^^y^  to  the  Moon's 
J_  being  14  days  old. 


Jan. 
Feb. 
Marc 
Apr: 

31 

28 

:h  31 

il    13th 

^ 

:)103(14 
7 

33 
28 

Carried  ove: 
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Add  2S  Brought  over,  28 

44  5  Therefore, 
Take  31  =:days  in  March.  the  first  of  January  being  Sunday, 
—  reckon  forward  5  days,   including 
I3tHft)f  April,  the  Sunday,  and  you  will  find  the  13th 
day  of  the  full  moon,  or  of  April  falls  on  Thursday,  con- 
Easter  limit.  sequently  the  next  Sunday   is  the 

1 6th,  which  is  Easter  Sunday. 

Easter  may  be  found,  for  any  future  time,  by  the  following  Ta- 
ble which  is  calculated  from  1753,  the  time  of  the  commencement 
of  the  New  Style  in  America,  and  which  shews,  by  the  Golden 
Number,  the  days  of  the  Paschal  full  moons  ;  by  which,  and  the 
Dominical  Letter,  the  day,  on  which  Easter  will  fall,  may  be  found. 

The  Use  of  theTuUc. 

First,  find  the  Golden  Number  as  before  taught,  which  seek  in  the 
column  of  Golden  Numbers  under  the  time  in  which  the  given  year  is 
included  ;  rii'ht  against  the  Golden  Number  of  the  year,  in  the  last 
column  but  one,  you  have  the  day  of  the  month  on  which  the  Paschal 
full  moon  happens,  w^hich  is  the  limit  of  Easter  ;  from  thence  run 
your  eye  down  among  the  Dominical  Letters,  till  you  come  to  the 
Letter  of  the  given  year,  and  against  it  you  have  the  day  of  the 
month,  on  which  Easter  falls  that  year. 

Example.  To  know  when  Easter  falls  in  1780. 

The  Golden  Number  for  the  year  being  one,  and  the  Dominical 
Letter  A  ;  therefore  seek  in  the  first  column  (the  given  year  being 
included  betw-een  tlie  years  1753  and  1899}  for  the  Golden  Number  : 
then  cast  your  eye  along  to  the  last  colunm  but  one,  under  the  title. 
Paschal  full  O,  and  you  will  find  the  thirteenth  of  April  to  be  the 
day  of  the  full  moon  ;  against  which,  in  the  last  column,  stands  E, 
which  shev;s  it  to  be  Thursday,  therefore  the  next  Sunday  following 
:  i  Easter  Sunday,  which,  by  going  down  the  column  of  lietlcrsto 
lie  next  A,  you  will  find  to  be  the  sixteenth  of  Ap:  ii. 
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^ 


Golden  Numbers  from  1753  to  1899,  and  so  on  to  4-199,  inclusively  J 

2J00 

to 

III 

C 
0 

3 

to 

to  :    to  j    to   1    to   j 

2600^,2900!  3100' 3400J  3500'  3f)oo|37oo  3800 
to  1  to      to  i  to  i  to  j  to  1  to     ||r 

:S99-09!?h3.>p- 7490;  ■!59<-n<^y;''' 3799  4099 

4100 
to 

£0.- 

a 

14 

iiy9  izpr.j 

-3^" 

'.4)A 

■'■'i.'9'i 

4199 

?r? 

r 



6 

17 

6' 

Ti~ 



9 

— 

1 

12 

1 

12 

— 

4        211c  i 

3 

14 



6 



c 

17 

— 

9 



9 



1 

12 

.^ — 

g22D 



8 

14 

.^ 

14 



6 

17 

9 



9 



1 

12 

S  23  E 

11 



3 

14 
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THE  USE  OE  LOGARITHMS. 

I.    In    MuLTlP7.iCATI0N. 

Given  itvo  numl/ers,  viz.  275  and  12'6,  to Jiiid  their  proJufi. 

J^ULE. — To  the  logarithm  of  275,  viz 2-4393S 

Add  the  logarithm  of  12-t),  viz. M0037 


And  their  sum  is  the  logarithm  of  their  prod.  viz.  3465  =  3-53970 

O       Ik 
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2.   In  Division. 
JLel  it  be  required  to  find  the  quotient,  which  arises  by  dividing 
one  number  by  another  ;  suppose  1425  by  57. 

From  the  logarithm  of  the  dividend,  viz.  1425  =3'15331 

Take  the  logarithm  of  the  divisor,  viz.  57  =  1*75587 


And  the  remainder  Is  thelogar.  of  the  quotient,  viz.  25  =  1*39794 
3.  In  the  Rule  of  Three. 

Three  numlers  given.,  tojiud  a  fourth.,  in  direfi  proportion. 

Rule. — From  the  Tables  take  the  logarithms  of  each  of  the  pro- 
posed numbers,  tlien,  add  the  logarithms  of  the  second  and  thiid 
together,  and  from  the  sum  take  the  logarithm  of  the  first,  and  the 
remainder  will  be  the  logarithm  of  the  fourth  number. 

Let  the  three  proposed  numbers  be  18,  24,  and  33,  and  the  opera- 
tion v^^ill  stand  thus  : 

i -38021  =the  logarithm  of  24,  the  2d  term. 

1*51851  =:  the  logarithm  of  33,  the  3d  term. 

2-89872  =  the  logarithm  of  their  produft. 
— 1-25527  =  the  logarif:hm  of  the  first  term  18. 


1*64345  =  the  logarithm  of  the  fourth  term  required,  which,  by  the 
Table,  answers  to  the  natural  number  44,  the  4th  proportional  to  the 
three  proposed  numbers. 

4.  In  Involution,  or  Raising  Powers. 

Tojind  any  poiver  of  any  proposed  mimber^  or  to  Involve  any  number  to  any 
proposed  ponvcr,  by  logartthtfis. 
Rule. —  Multiply  the  logarithm   of  the  given  root  by  the  power, 
viz.  by  2  for  the  square,  by   3  for  the  cube,  &c.   and  the  prodiu^  i«r 
the  logarithm  of  the  power  sought. 
I^equired  to  find  the  cube  of  12  ? 

1-079 18=:  the  logarithm  of  12. 

X  3  =  the  third  power,  or  cube. 


3-23754  ==  1728  the  cube  of  12. 
5.  In  Ev'olution,  or  Extracting  Roots. 
To  extract  any  root  of  any  proposed  number. 
Rule. —  Divide  the  logarithm  of  the  proposed  number,  by  the  in. 
dex  of  the  required  root,  vi/.  by  '1  for  the  square,  by  3  for  the  cube, 
&c.  and  the  quotient  will  be  the  logarithm  of  the  root  required. 
Required  to  find  the  cube  root  of  1728  ? 

3-23754  =  the  logarithm  of  1728,  and  S-23754-i-*3^1-07918.is  d:c 
log;uithm  of  the  cube  root  of  1728,  viz.  12. 

(:,  In  Compound  Interes  i . 

To  find  the  i::i:  nun  of  any  sum  for  any  tinier  and  at   ary  ruf.-f  tit  Compound 

/uteres/. 
Rulf. — Multi-ply  the  lognritl:m  of  the  ratio  (i.  e.  the  amount  ol 
£.1  or  D.I  for  one  year)  h-.-  the  number  of  years,  and  TO  tha  pr*  - 
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da<3:  add  the  logarithm  of  the  principal  ;  the  sum  will  be  the  logu-l 
rithm  of  the  amount. 

What  will  ^.45  amount  to,  forborne  12  years,  at  6  per  cent,  per' 
annurn,  compound  interest  ? 

Log.  of  1-06  the  ratio,  is  -02533 
Multiply  by  the  time  12 

•30396 
Add  log.  of  45,  the  principal  1  -6532 1 

The  sum  is  1 '957 17  which  is  the  logarithm  of  90"7=: 

'  £.90   14s.  Ans. 

7.  In  Piscount  at  Compound  Interest. 

Xojind  the  present  ivortb   of  any  sum  of  mcnry  due  any  time  hence,  at  any 
rate.,  at  Compound  Interest. 

Rule. — From  the  logarithm  of  the  sum  to  be  discounted,  subtrad 
the  logarithm  of  the  rate  multiplied  by  the  time;  and  the  remainder 
is  the  logarithm  of  the  present  worth. 

What  present  money  will  pay  a  debt  of  >C.90  14s.  due  12  years 
hence,  discounting  at  the  rate  of  6  per  cent,  per  annuni  ? 

From  the  logarithm  of  ;^'.90    14—  1 '957 1 7 
Subt.  prod,  of  the  log.  of  the  ratio  X  by  the  time=    -30396 


The  remainder  1*65321    is  the 
logarithm  of  ;^'.45  Ans. 


PLAIN  GEOMETRY. 

Dejin'ttions, 

1.  A  POINT  \Ti  the  Mathematicks  is  considered  only  as  a  mark, 
without  any  regard  to  dimensions. 

2.  A  Z,/«^  is  considered  as  length,  without  regard  to  breadth  or 
thickness. 

3.  A  Plain  or  Surface  has  two  dimensions,  length  and  breadth,  but 
Is  not  considered  as  having  thickness. 

4.  A  Solid  has  three  dimensions,  length,  breadth  and  thickness, 
and  is  usually  called  a  Body, 

5.  A  line  is  either  straight,  which  is  the  nearest  distance  between 
two  Points  ;  or  crookedy  called  a  Curve  Line,  whose  ends  may  be 
drawn  further  asunder. 

6.  If  two  Lines  are  at  equal  distance  from  one  another  in  every 
part,  they  are  called  parallel  Lines,  which,  if  continued,  infinitely, 
will  never  m.eet. 

7.  If  two  lines  incline  one  towards  another,  they  will,  if  continued, 
meet  in  a  point  :  by  which  meeting  is  formed  an  ^n^le. 

■g.   If 
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ri.  If  one  Line  fall  dlreftly  upon  anolher,  so  that  the  Angles  on 
both  sides  are  equal,  the  Line,  so  falling,  is  called  a. pfrperrdiaihir,  and 
the  Angles,  so  made,  are  called  ri^ki  Angles,  and  are  equal  to  90 
degrees,  each. 

9.  All  Angles,  except  right  Angles,  are  called  oblique  Angles, 
whether  they  are  acuie^  that  is,  less  than  a  right  Angle ;  or  oitute, 
that  is,  greater  than  a  right  Angle. 

GEOMETRICAL  PROBLEMS. 
Problem  I.  To  divide  a  Line  AB  into  t'ojo  equal  parts. 

Set  one  foot  of  the  compasses  in 
the  point  A,  and,  opening  them  be- 
yond the  middle  of  the  line,  describe 
arches  above  and  below  the  line  ;  with 
the  same  extent  of  the  compasses,  set  A*— — 
one  foot  in  the  point  B,  and  describe 
two  arches  crossing  the  former  :  draw 
a  line  from  the  interseclion  of  the 
arches  above  the  line,  to  the  intersec- 
tion below  the  line,  and  it  will  divide  the  line  AB  into  two  equal  parts. 

Problem  IL  To  ereSl  a  perpendicular  on  the  point  C  in  a  given  line. 

Set  one  foot  of  the  compasses 
m  the  given  point  C,  extend  the 
other  foot  to  any  distance  at  pleas- 
ure, as  to  D,  and  with  that  extent 
make  the  marks  D,  and  E.  With 
the  compasses,  one  foot  in  D,  at 
any  extent  above  half  the  distance 
of  D  and  E,  describe  an  arch  above ^ 


B 


tlie  line,  and  with  the  same  extent,         ^  C  £ 

and  one  foot  in  E,  describe  an  arch 

crossing  the  former  ;    draw  a  line 

from  the  intcrseaion  of  the  arches  to  the  given  point  C,  which  will 

be  perpendicular  to  the  given  line  in  the  point  C. 

Problem  IIL  To  erea  a  perpendicular  upon  the  end  of  a  Htk:. 
Set  one  foot  of  the  compasses    .  c* 

in  the  given  point  B,  open  them  *]:|:; 

to  any  convenient  distance,  and  ^        *  I  *       .- 

<lescribe  the  arch  C  D  E  ;  set  one  P- \'  "•-■ ' 

loot  in  C,  and  with  the  same  ex-  .•  j 

i-ont,    cross  the  arch  at  D  :  with  i 

the  same  extent  crosb  the  arch  a- 

;:ain  from  D  to  E  ;  then  with  one  [ J  B 

.•')otof  the  compasses  in  D,  and  ^'  q 

with  any  extent  above  the  half  of 

EI),  describe  an  arch  // ;  take  th.c  Cf.mpassos  from  I),  an 

them  at  the  same  extent  with  one  foot  in  K,ir.tcrs('v5i  ihe  loni..r  Aiih 

c:  h\a\  from  t}ien«:e  dv;\\\'  a  !*ae  to  the  o-v-nt  I:>  ^'hich  will  bvVi  p.T- 

iv^ndicular  to  AB.  *  l'r,or.'-N! 


SSi 
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Problem  IV.  From  a  given  po'mtj  Cy  to  let  fall  a  perpendicular  to  a  given 

line  A  B, 
Set  one  foot  of  the  compasses  in 
the  point  <7,  extend  the  other  so  as 
to  reach  beyond  the  line  A  B,  and 
describe  an  arch  to  cut  the  line  A  B 
in  C  and  D  ;  put  one  foot  of  tlie 
compasses  in  C,  and,  with  any  ex- 
tent above  half  C  D,  describe  an 
arch  b  ;  keeping  tlie  compasses  at 
the  same  extent,  put  one  foot  in  D,A 
and  intersed  the  arch  b'mb\  through 
which  intersed  ion,  and  tlie  point  a, 
draw  a  E,  the  perpendicular  required. 


C     -—£-•-   JD 


Problem  V.  To  dranv  a  Line  parallel  to  a  given  Line  A  B. 
Set  one  foot  of  the  com- 

E  T'— T^^r —7= 'T'Y 


cc. 


passes  in  any  part  of  the  h'ne, 
as  at  c  ;  extend  the  compass- 
es at  pleasure,  unless  a  dis- 
tance  be  assigned,  and  de-       \ 

scribe  an  arch  by  with  the  ^  '  e     ^ 

same  extent,  in  some  otlier 

part  of  the  line  AB,  as  at  e,  describe  the  arch  a  ;  lay  a  ruler  to  the  ex- 
tremities of  the  arches,  and  draw  the  line  E  F,  which  will  be  paral- 
lei  to  the  line  A  B, 


\  Problem  VI.  To  make  an  Angle  equal  to  any  number  of  Degrees, 

It  is  required  to  lay  off  an  acute  Angle  of  35°  on  a  given  line  AB. 

Take  60  degrees  from  the  line  of 
chords  in  the  compasses,  set  one 
foot  of  the  compasses  in  the  point  A, 
describe  an  arch  C  D,  at  pleasure  ; 
then  set  one  foot  of  the  compasses 
in  the  brass  centre,  in  the  beginning 
of  the  line  of  chords,  and  bring 
the  other  to  35  on  the  line  ;  with 
this  extent  set  one  foot  in  C,  with 

the  other  intersed  the  arch  CD,  in  a,  and  through  a  draw  the  line  AEj^ 
so  will  EAB  be  an  angle  of  35  degrees. 

If  the  angle  had  been  obtuse,  suppose  125°,  then  take  90**  from 
the  line  of  chords  ;  set  one  foot  in  C,  and  intersed  the  arch  in  b ; 
then  take  35'^  from  the  same  line  of  chords,  and  set  them  from  bx.od  \ 
ji  line  dravv'u  from  A  through  ^  to  F  will  make  an  angle,  FAB,  of 
r25^ 

To  measure  an  angle  by  the  line  of  chords,  Is  only  to  take  the  dis- 
tance on  the  arch  betv/een  the  lines  AB  and  AE,  or  AB  and  AF,  and 
laying  it  on  the  line  of  chord';. 


GEOMETRICAL  PROBLEMS. 


585 


A 

B 


.C  .- 


Problem  VII.  To  make  a  Triangle^  nvhose  sides  shall  be  equal  to  three  given 
lineSi  provided  any  two  of  them  be  longer  than  the  third. 
Let  A,B,C,  be  the  three  given  lines; 
draw  a  line  A B,  at  pleasure  ;  take  the 
line  C  in  the  compasses,  set  one  foot 
in  A,  and  with  the  other  make  a  mark 
at  B  ;  then  take  the  given  line  B  in  the 
compasses,  and  setting  one  foot  in  A, 
draw  the  arch  C  ;  then  take  the  line 
A  in  the  compasses,  and  intersecft  the 
arch  C  in  C  ;  lastly,  draw  the  lines  AC 
and  BC,  and  the  triangle  will  be  com- 
pleted. 

Problem  VIII.  To  make  a  Square ^  having  equal  sides,  equal  to  any  givea 

line. 

Let  A  be  the  given  line ;  draw  a  line  A  B        « 

equal  to  the  given  line  ;  from  B  raise  a  per-      

pendicular  to  C  equal  to  AB,  with  the  same  ^^  • 
extent,  set  one  foot  in  C  and  describe  the 
arch  D  ;  also  with  the  same  extent,  set 
one  foot  in  A  and  interse<5l  the  arch  D  ; 
lastly,  draw  the  lines  AD  and  CD,  and  the 
square  will  be  completed. 

In  like  manner  may  a  Parallelogram  be 
construded,  only  attending  to  the  differ- 
ence  between  the  length  and  breadth,  ^ 

Problem  IX.  To  describe  a  Circlej  luhich  shall  pass  through  any  three  given 
Points,  ivhich  are  not  in  a  straight  line. 

Let  the  three  given  points  be  A,B,G,  through  which  the  circle  is  to 
pass.  Join  the  points  AB  and  BC  with  right  lines,  and  bised  these 
lines  ;  the  point  D,  where  the  bise<Eling  lines  cross  each  other,  will  be 
the  centre  of  the  circle  required.  Therefore,  place  one  point  of  the 
compasses  in  D,  extending  the  other  to  either  of  tlie  given  points,  and 
the  circle,  described  by  that  radius,  will  pass  through  all  the  points. 


Hence,  it  will  be  easy  to  find  the  centre 
of  any  given  circle  ;  for,  if  any  three  points 
are  taken  in  the  circumference  of  the  given 
circle,  the  centre  will  be  readily  found  as 
above.  The  same  may  also  be  observed, 
when  only  a  part  of  the  circumference  is 
.given. 


Problem  X.  To  describe  an  Ellipsis  or  Oval  mechanically. 
Draw  two  parallel  lines,  as  L  and  M,  at  a  rrnc'-'  ••  -  ''  tance,  by 
3,.A.  Prob, 
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Prob.  5  ;  then  draw  two  others  at  the  same  distance,  across  the 
iner,  as  N  and  O  ;  by  the  crossing  of  these  lines  will  be  made  a  fig 
ure  ABCD,  of  four  sides  ;  extend  the  compasses  at  pleasure,  and  set 
ting  one  foot  in  D,  describe  the  arch  cde  ; 
with  the  seme  extent,  set  one  foot  in   B, 
and  describe  the   arch  fgh  ;  then  set  one 
foot  in  C,  and  contradl  them  90  as  to  reach 
the  point  e,  and  describe  the  arch  Im  ;  with 
the  same  extent,  and  one  foot  in  A,  describe 
the  arch  ik^  and  the  oval  will  be  complet- 
ed.    In  the  same  manner,  with  a  greater 
or   less  extent  of  the   compasses,  may  a 
greater  or  less  oval  be  made  by  the  same  four  sided  figure  ABCD. 


fof^Ml 


OF  PLAIN  TRIGONOMETRY. 

RIGHT  AND  OBLIQUE  ANGLED, 

PLAIN  Trigonometry  is  that  science,  by  which  we  measure 
sides  and  angles  of  plain  triangles. 

Section  I.   Of  ReB^ngular  Trigonometry, 

In  a  right  triangle,  the  longest  side  is  usually  called  the  hypotha- 
nuse,  the  next  longest,  the  base,  and  the  shortest  the  perpendicular. 

Logarithmick  sines,  tangents,  and  secants,  are  called  the  tabular 
sides  of  a  triangle,  and  are  the   sines,  &c.  of  the  opposit;e  angles.aj 
The  length  of  the  sides  are  called  the  natural  sides,  .' : 

All  the  three  angles  of  a  triangle  are  equal  to  two  right  angles,  or 
180^ 

The  proportion  ought  to  be  made  between  sides  and  sides ;  and 
between  angles  and  angles. 

When  a  side  is  required,  any  side  (whether  known  or  not)  may  be 
made  radius  ;  but  when  an  angle  is  required,  then  a  known  side  on- 
ly, must  be  made  radius. 

Note.  A  side  is  said  to  be  made  radius,  when  one  foot  of  the  di-  ^ 
viders  is  set  in  one  end  of  the  side,  and  such  a  circle  described,  ofj 
which  the  side  is  the  semidiameter  :  Also,  that  when  the  hypothe-^ 
nuse  is  radius,  it  is  the  sign  of  the  right  angle,  or  90°,  and  the  base 
and  perpendicular,  usually  called  the  legs,  become  sines  of  their  op- 
posite angles :  but  when  one  of  the  legs  is  made  radius,  the  other  be- 
comes the  tangent  of  the  opposite  angle,  and  the  hypothenuse,  the  se- 
cant of  the  same  angle.*     Tangent's  radius  is  45°. 

When  a  side  is  to  be  found,  the  two  first  terms  of  the  proportion 
must  be  tabular  sides,  and  the  last  a  real  one  :  but  when  an  angle  is 
to  be  found,  the  two  first  terms  must  be  real  sides,  and  the  third,  a 
tabular  one. 

The  given  parts,  whether  sides  or  angles,  are  marked  with  — ,  and 
the  part  required,  with  O. 

Angles  are  measured  by  the  arch  of  a  circle.     The  periphery  of 

every 

*  To  work  on  the  fcale  with  a  fecant,  you  mull  take  the  fines  backward,  that  y, 
80  fines  for  10  fecants,  &c. 


PLAIN  TRIGONOMETRY. 


387 


every  circle,  whether  great  or  small,  is  divided  Into  SGO  degrees^ 
each  degree  into  60  minutes,  every  minute  into  60  seconds,  and  so 
on,  to  thirds,  fourths,  &c. 

Any  portion  of  the  periphery  of  a  circle,  as  ECF,  is  called  an 
archy  and  a  line  drawn  from  the  ends  of 
an  arch,  as,  EIF,  is  called  the  chord  of 
the  arch.  Half  the  chord  of  any  arch, 
as  EI,  is  called  t-ie  sine  of  the  arch  EC, 
and  IC  it  called  the  versed  sine  of  the 
same  arch  EC  :  So,  also,  EG  is  the  sine 
of  the  arch  ED.  A  line  drawn  perpen- 
dicular to  the  diameter  of  a  circle,  so  as 
to  touch  the  circle  and  not  cut  it,  is  call- 
ed  a  tangent,  as  CH,  which  is  the  tan- 
gent of  the  arch  EC,  because  the  line 
BH,  drawn  from  the  centre  B,  through 
E, called  the  j-fcrt/z/,  meets  itinthe  point  H. 

The  complement  of  an  arch  is  the  remainder,  after  the  arch  is  tai. 
from  90°  ;  thus  KD  is  the  complement  of  the  arch   ALK,  taken 
from  the  arch  AD.     The  cosine  or  sine  complement  of  an  arch  is  the 
sine  of  the  complement  of  that  arch,  as  ED  is  the  complement  of  EC. 

Problem  I.  The  Angles  and  one  of  the  Legs  given,  tojind  the  Hypoihe- 
nuse  and  other  Leg. 

Example.  In  the  triangle  ABC,  right  angled  at  B,  suppose  the 
leg  AB,  86  equal  parts  (as  feet,  yards,  miles,  &c.)  tlie  angle  A  =33^, 
40',  and  the  angle  0=56^',  20' :  Required  the  length  of  the  hypoth- 
enuse  AC,  and  the  leg  BC  ? 

Geomelrically.  Draw  AB  equal  to  S>(y,  from  any  lino  of  equal  parts, 
then  upon  the  point  B,  erect  the  perpen- 
dicular B  C  ;  lastly,  from  the  point  A, 
draw  the  line  AC,  making  with  AB  an 
anglez=;'^3°,  4^3',  and  that  line  produced 
will  meet  BC  in  C,  and  so  constitute  the 
triangle  The  length  of  AB  and  BC 
may  be  found  by  taking  them  in  your 
compasses,  and  applying  them  to  the 
same  line  of  equal  parts  that  AB  was  taken  from. 

By  Calculation.  By  making  the  hypothenuse  radius,  the  legs  will  be- 
come the  sines  of  the  opposite  angles  ;  and  as  natural  sides  are  re- 
quired, the  proportions  must  begin  with  tabular  sides  :  therefore,  for 
the  hypothenuse, 

Here,  I  add  ilie  loga- 
rithms  of  the  2d  and  ''^id 
terms,  and  I'rom  tlieir  sum 
subtraa  the  first,  ant|  the 
remainder  is  tlic  logarithm 
of  the  side  sought,  which 
gives  103-3.  The  same 
must  be  done  In  all  the  fol- 
,  lowing  cases.  For 


•.  C 


As  the  sine  of  C 

5G°,20' 

90,00 
86 

9-92027 

Is  to  radius 

So  Is  the  side  AB 

10- 
1'931«.10 

ll-931-.'Sp 

9-92027 

To  the  side  AC 


103-3 


-0M23 
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For  the  Leg  BC. 

As*  the  sine  of  the  angle   C  56*,20'  9' 92027 

Is  to  the  sine  of  the  angle  A  S3  ,40  9*74-380 

So  is  the  side  AB                            86  1-93450 

To  the  side  BC                         57*28  1-75803 
It  might  have  been  as  easily  found  by  the  following  proportion  :. 
As  R  :  S,A  ::  AC  ;  BC. 

Problem  II.  The  Angles  and  Hypothenuse  givetii  to  Jind  the  Legs. 

Example.  In  the  triangle  ABC,  suppose  the  hypothenuse  AC  = 
146*,  the  angle  A  =  36 ',25',  and  the  angle  C  =  53^,35' :  Required 
the  legs  AB  and  BC  ? 

Geometrically  Draw  the  line  AB  at  pleasure,  and  make  the  angle 
A  =  36®,25' ;  then  take  AC  =  146  from 
any  line  of  equal  parts  ;  lastly,  from  the 
point  C  let  fall  the  perpendicular  CB  on 
the  line  AB  :  so  the  triangle  is  con- 
struded,  and  AB  and  BC  may  be 
measured  from  the  line  of  equal  parts. 

K 

By  Calculation,     Making  AC  radius,  the  legs  become  sines,   as  be- 
fore, and  as  the  angles  are  given  to  find  the  sides,  we  must  begin  the 
proportion  with  angles,  or  tabular  sides. 
For  the  Leg  AB. 
As  radius  90^00'     10- 

Is  to  the  sine  of  C       53  ,35        S-90565 
So  is  side  AC  146        2-16435 

To  side  AB  117-5    2-07000 

For  the  Leg  BC. 
As  radius  90° ,00      10* 

Is  to  the  sine  of  A    36  ,25        9-77353 
»-*  So  is  side  AC  146        2-16435 

To  side  BC  86*67  1*93788 

As  we  had  before  found  AB,  the  proportion  might  have  been, 
As  S.C  :  S,A  ::  AB  :  BC. 
Problem  III.  and  IV.  The  two  Legs  given,  to  find  the  Angles  and  Hypoth- 
enuse. 
Example.  In  the  triangle  ABC,   suppose  the  leg  AB  =  94,   and 
BC  =  56  :  Required  the  angles  and  hypothenuse. 

Geometrically.  Draw  AB  =  94  from  any  line  of  equal  parts,  thef, 
from  the  point  B  raise  BC  perpendicular 
to  AB,  and  take  BC  from  the  former  line 
of  equal  parts  =  56  ;  lastly,  join  the 
points  A  and  C  with  the  straight  line  AC, 
so  the  triangle  is  construded.  AC  may 
be  found  by  taking  it  in  your  dividers  and 
applying  it  to  the  line  of  equal  parts  ;  and 
the  angles  may  be  measured  by  the  6th  Geometrical  Problem. 

By 
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By  Calculation.   1st.  For  the  angle  A  \  supposing  the  base  AB  the 
radius,  then  the  hypothenuse  becomes  secant  of  the  angle  A,  and 
the  perpendicular  BC,  the  tangent  of  the  angle  A  :  and  as  an  angle 
is  required,  we  must  begin  the  analogy  with  a  natural  side. 
As  AB  94      I-9731S 

IstoBC  56      1-74S19 

So  is  tangent's  radius    .45°,00    10* 
To  the  tangent  of  A      SO°,47'     9'.77506 
The  perpendicular  might  have  been  made  radius,  and  thert  the 
proportion  would  have  been,  as  BC  :  AB  ::  tan.  rad.  :  tang,  of  C. 

Now,  as  we  have  found  the  angle  A,  and  as  the  angles  A  and  C, 
talcen  together,  are  equal  to  90?^,  therefore  from  90°,0(y 

Take  the  angle  A  =  30°,47 

And  we  have  the  angle  C  =  59^13' 

2d.  For  the  Hypothenuse,  The  base  still  being  radius,  we  have  this 
analogy  for  finding  the  hypothenuse  :  as  T.  R  :  Sec.  A  ::  AB  :  AC. 
But  this  may  be  done  without  the  lielp  of  secants  ;  for,  having  found 
the  angles,  we  may  now  make  the  hypothenuse  radius,  'r  and  as  a  nat- 
ural side  is  required,  we  must  begin  the  proportion  with  a  tabular 
side ;  therefore, 

As  th«  sine  of  C  59M3'     9^93405 
Is  to  radius  90  ,00    10- 

SoisAB  94      1-97318 

To  AC  109-4  2-()S908 

Or  the  analogy  might  have  been,  as  S.  C  :  R  ::  BC  :  AC. 

Problem  V.  andVl.  The  Hypothenuse  and cne  of  the  Legs  given,  to  ,'  J 
the  Angles  and  other  Leg. 

Example.  In  the  triangle  ABC,  suppose  the  leg  AB  =83,  and  the 
hypothenuse  AC  =  126  :  Required  the  angles  A  and  C,  and  the  lejf 
BC? 

Geometrically.     Draw  A  B  =  83  •.,  C 

from  any  line  of  equal  parts  ;  and 
from  the  point  B,  raise  the  perpen- 
dicular BC  of  any  length,  then 
take  the  length  of  AC  126  from 
the  same  line  of  equal  parts,  and 
setting  one  foot  of  the  dividers  in 
A,  with  the  otlier  cross  the  per- 
pendicular BC  in  C  ;  lastly,  join 
AC,  so  the  triangle  will  be  con- 
strufted,  and  the  angles  may  be 
measured  as  direded  in  Problem  3d  and  4th. 

By  Calculation.     First,  for  the  angle  C  ;  and  as  an  angU-  i^  itH|Vjji- 
rd,  we  must  begin  with  a  side,  making  the  hypothenuse  radius. 
As  AC  126         2-10037 

IstoAB  83         1-91908 

So  is  radius  90^,00       10* 

To  sine  of  C  41    12         9-81S71  From 
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From  OO^.OO' 

Take  the  angle  at  C  =  41  ,12 

And  we  have  the  angle  A  =  4fi°,48' 
For  the  side  BC.  As  a  side  is  now  required,  we  must  begin  with 
angle;  therefore, 

90°,0(y         10- 
48^48'  9-87646 

126  2-10034 

94-8         1-97683 


As  radius 

Is  to  the  sine  of  A 

xSo  is  AC 

ToBC 


Section  II.  Of  oblique  angular  Trigonometry. 

In  any  triangle,  the  sides  are  proportional  to  the  sines  of  the  op- 
posite angles. 

When  two  angles  of  any  triangle  are  given,  their  sum,  being  sub-j 
traded  from  180",  leaves  the  third  angle  ;  and  when  one  angle  is  giv. 
en,  that  being  subtraded  from   IbC^,  leaves  the  sum  of  the  two  un- 
known angles. 

When  any  angle  exceeds  90°,  subtrafl  it  from  180°,  and  work  with 
the  remainder. 

When  the  given  and  required  parts  ^  'v'iz.  sides  and  angles  are  opposite. 

Rule  1. — As  in  right  angled  triangles. 

As  the  sine  of  any  angle  is  to  the  sine  of  any  other  angle  ;  so  is  the 
side  opposite  to  the  first  angle,  to  the  side  opposite  to  the  other  angle. 

Or,  as  one  side  is  to  any  other  side  ;  so  is  the  sine  of  the  angle  op- 
posite to  the  first  side,  to  the  angle  opposite  to- the  other  side. 

When  any  two  sides .  with  the  angle  included  letiveen  them  are  given, 
R'jLE  2. — As  the  sum  of  any  two  sides  is  to  their  difference;  so 
IS  the  tangent  of  the  half  sum  of  the  two  opposite  angles,  to  the  tan- 
gent of  half  the  difference  of  those  two  opposite  angles  ;  which  half 
difference  being  added  to  the  half  sum,  gives  the  greater  of  the  two 
angles,  and,  being  subtraded  from  the  half  sum,  leaves  the  less  of 
the  two  unknown  ang^les. 

When  the  three  sides  are  given,  tojind  the  Angles. 

Rule  3. —  '  s  the  base  of  any  triangle  (or  sum  of  the  segments  of 
the  base)  is  to  the  sum  of  the  other  two  sides :  so  is  the  difference  of 
those  sides,  to  the  difference  of  the  two  segments  of  the  base,  made 
by  letting  fall  a  perpendicular  to  the  base  from  the  angle  opposite  to 
it ;  half  of  which  difference,  being  added  to  half  the  sum  of  the  two 
segments,  gives  the  longest,  and  being  subtraded,  leaves  the  shortest. 

The  learner  being  now  somewhat  acquainted  with  the  common 
method  of  working  by  logarithms,  it  will  be  proper  to  shew  how  to 
perform  those  proportions  without  subtrading  the  first  number  from 
the  sum  of  the  second  and  third,  which  is  done  by  setting  down  the 
arithm-Gtical  complement  of  the  first  term  instead  of  the  logarithm. 
This  may  be  readily  done  thus  ;  subtrad  the  first  figure  of  the  log- 
a.rithm  from  10,  and  set  down  the  remainder :  then  subtrad  each  of 

the 
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tke  other  figures,  index  and  all,  from  9,  setting  down  the  remainders, 
and  place  a  dot  before  the  index,  as  in  the  case  of  the  logarithm — 
Thus  the  arithmetical  complement  (usualy  marked  Co.  Ar.)  of  the 
logarithm  9-66004  is  0-33996,  and  so  of  any  other. 

When  the  arithmetical  complement  of  the  first  term  is  used  instead 
of  the  logarithm,  add  all  the  three  numbers  together,  and  lejedl  10 
out  of  the  index  of  their  sum,  as  in  those  cases  where  the  radius  is 
the  first  term. 

Problem  I.  In  the  olique  angled  triangle  jiBC^  given  two  angles  and  * 
side  opposite  to  one  of  tbem,  iojind  >he  tivo  other  sides. 

Suppose  the  angle  at  A  36^,40',  the  angle  at  B,  60^,51',  and  the 
base  AB  85-6  ;  Required  AC  and  BC  ? 

Geometrically.  Draw  the  base  AB,  and  from 
any  scale  of  equal  parts,  lay  thereon  85*6 
from  A  to  B  ;  then,  from  the  line  of  chords, 
lay  off  an  angle  of  36^,40'  at  A,  and  an  an- 
gle of  60'',r>l'  at  B,  and  the  meeting  of  these 

two  lines  inC  completes  the  triangle,  and  AB  A-^f^: \. 

and  BC  may  be  measured  by  the  same  line  of 
equal  parts. 

From  the  sum  of  all  the  angles  180°,00' 

Take  thesumof  the  angles  A  and  B,  viz.  97'', 31' 

And  we  have  the  angle  C  equal  to  82°,29' 

Here  we  have  the  angle  at  C  opposite  to  the  given  base,  and  the 
angles  at  A  and  B  opposite  the  two  required  sides,  which  may  be 
found  by  the  first  rule,  as  follows  : 


By  Calculation.  For  the  side  BC. 
with  an  angle. 

As  the  sine  of  the  angle  at  C, 
Is  to  the  sine  of  the  angle  A, 
So  is  the  base  AB 


Having  to  find  a  side,  we  begin 

82°,29'     Co.  Ar.  0-00375 

36'',40'  9-77609 

85-6  1-93247 


To 

side  BC 

51-55 

I-7123I 

For  the  side  AB. 

As 

the  sine  ( 

3f  C 

82^ 

',29'                  Co. 

Ar. 

,  0-00375 

Is  to  the  sine 

lof  B 

.60^ 

\5V 

9-94118 

So 

is  AB 

85-6 

1-9324T 

To  AC 


75-4 


1-87740 


PaoBLEM  II.  andWl.  Two  sides  and  an  angle  opposite  to  one  of  them  y  giv  ■ 
en,  to  find  the  two  other  angles  andrtmaining  side. 

In  the  oblique  angled  triangle  ABC,  given  the  side  AC  75-4,  llie 
side  BC  51-56,  and  the  anj^le  at  A  M^i*,40'.  to  find  the  base  AB,  and 


the  angles  at  B  and  C 


Ce'9mrtrir(i/lv. 
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Geometrically.  Draw  the  base  AB,  at 
pleasure,  and  on  any  point  assumed,  as  A, 
make  an  angle  of  36''j40' ;  take  75-4  from 
the  scale  of  equal  parts  and  set  it  from  A  to 
C,  then  take  51*56  from  the  same  scale; 
set  one  foot  of  the  dividers  in  C,  and  with  A-^ 
the  other  interseft  the  base  in  B  ;  lastly, 
draw  BCi  and  the  triangle  is  completed,  and  the  base  may  be  meas- 
ured by  the  same  scale  of  equal  parts. 

By  Calculation.  Here  we  have  the  side  BC  opposite  the  known  an" 
gle  at  'i,  and  the  side  AC  opposite  the  unknown  angle  at  B,  which 
may  be  found  by  Rule  1st. 

To  find  the  angle  at  B.  Having  to  find  an  angle  we  begin  with  a 
side. 

As  BC  51-55     Co.  Ar.  8-^8778 

Is  to  AC      ^  75  -4  1-87737 

^  So  is  the  sine  of  the  angle  A  SS'^j^O'  9*77609 

To  the  sine  of  the  angle  B  60^,51'  9-94124 

From  the  sum  of  all  the  angles  180^,00' 

Take  the  sum  of  the  angles  A  and  B  97°;31' 

And  we  have  the  angle  C  equal  to  82^^,29 

For  the  base  '\B.  Having  to  find  a  side  we  begin  with  an  angle. 
As  the  sine  of  A  30°,40'         Co.  Ar.  0-22392 

Is  to  the  sine  of  C       82°,29'  9-99625 

SoisBC  51-o5  1-71223 

To  AB  85-6  1-93240 

To  find  the  tangent  of  half  the  difference  of  tivo  unlnonun  angles  by  the  scale. 

Rule  1.  —  When  the  tangent  of  half  the  sum  of  the  unknown 
angles  is  less  tlian  45",  the  extent  from  the  half  sum  of  the  sides  to 
their  half  difference  on  the  line  of  numbers  will  reach  from  the  half 
sum  of  the  unknown  angles  to  their  half  difference  on  tlie  tangents. 

2.  When  the  tangent  of  half  the  sum  of  the  unknown  angles  ex- 
ceeds 45°,  take  the  extent  between  the  sum  and  difference  of  the 
sides  ;  set  one  foot  in  tangent's  radius,  45'^,  and  fix  the  other  foot 
wherever  it  falls  on  the  tangent  line,  and  contra<fl  the  foot  that  stands 
on  45'',  to  the  tangent  of  the  half  sum  of  the  unknown  angles  ;  then 
w^tli  that  extent  set  one  foot  in  45'^.  of  tangents,  and  the  other  will 
point  out  the  tangent  of  the  half  difference. 

Problem  IV.  and  V.  Ttvo  sides ^  and  the  angle  included  between  them  at  A, 
given,  to  find  the  tnvo  other  angles  and  the  other  side. 

In  the  oblique  angled  triangle  ABC,  given  the  side  AC  75-4,  the 
base  AB  85*6,  and  the  included  angle  at  A  36*^,40',  to  find  the  an- 
gle B  and  C,  and  the  side  BC. 

Geometrically. 


PLAIN  TRIGONOMETRY.  393 

Geometrically.  Draw  the  base  AB,  and 
from  any  scale  of  equal  parts,  set  ofF  85*6 
from  A  to  ^B  ;  make  an  angle  at  A  of  36^, 
40'  and  draw  AC,  and  from  the  same  scale 
of  equal  parts,  set  75*4  from  A  to  C  ;  last- 
ly, draw  the  line  BC,  and  the  triangle  is" 
completed  ;  BC  may  be  measured  by  the 
same  scale  of  equal  parts,  and  the  angles  B  and  C,  on  the  line  of 
chords. 

By  Calculation.  Here  we  have  given  the  two  sides  AB  and  AC, 
with  the  angle  included  between  them  ;  and  therefore  these  cases  must 
be  solved  by  Rules  2d  and  1st.  Now,  as  the  three  angles  of  every 
triangle  are  equal  to  180°,  the  angle  at  A  36°,40'  being  subtraded 
from  (80°  leaves  143°,20',  the  sum  of  the  two  unknown  angles  B 
and  C,  half  of  which  is  71°,40' ;  and  half  their  difference  may  be 
found  by  the  following  proportion,  according  to  Rule  2. 

As  the  sum  of  the  two  sides  AB  and  AC  161  Co.  Ar.  7-79318 

Is  to  their  difference  10*2  1-00860 

So  is  the  tansrent  of  half  the  sum  of  1       ^^o  ai^/         ,  «  >. ,,«^« 

the  unknown  angles  B  and  C        j      ^^  '^«  !fl!£^ 

To  the  tangent  of  half  their  difference      10^,49'  9-28147 

To  the  half  sum  71^,40'")  From  the  half  sum    71^,40' 

Add  the  half  difference  10  ,49  /Take  the  half  diff.     10  ,49 


I  The  remainder  is  1 
-'    the  less  angle  B   J 


The  sum  is  the  greater  ang.C  82  ,29  J  '^;i;— feB   j    «°  '«' 
Having  found  the  angles  B  and  C,  the  side  BC  may  be  found  by 

Rule  ]. 

As  the  sine  of  C       82°,29'     Co.  Ar.  0*00375 
Is  to  the  sine  of  A  36^,40'  9*77609 

So  is  AB  85-6  1-03247 

ToBC  51-56  1-71231 

Problem  VI.  The  three  sides  given,  to  Jin  J  the  angles. 

In  the  oblique  angled  triangle  ABC,  given  the  base  AB  85-6,  the 
side  AC  75-4,  and  the  side  BC  51-56  ;  Required  the  angles? 

Geometrically.  Draw  the  base  AB,  and  set  off  85 '6  from  any  scale  of 
equal  parts  from  A  to  B  ;  take  75-4  from  the 
same  scale,  and  setting  one  foot  in  A,  describe 
an  arch  ;  then  from  the  scale  take  51*56,  and  V^ 

setting  one  foot  in  B,  intersect  the  former  arch  >/^ 

in  C  ;  from  C  draw  lines  to  A  and  B,  and  the  .     y^  j^ 
triangle  is  completed.     The  angles  may  all  'i-..i'-  -'^ 

be  measured  upon  the  line  of  chords. 

By  Calculation.  Here  being  no  angle  given,  these  cases  mu^t  * 
solved  by  Rule  3d,  in  the  following  manner  :  Place  one  foot  of  , 
dividers  in  C,  and  extend  the  other  so  as  to  take  in  tliS  snortest  ^'^^ 
BC,  and  describe  the  arch  BE  ;  tlicn,  from  C  let  fall  a  pcrpendicu- 
lar  on  the  base  AB,  which  will  divide  It  into  two  segments,  A  D  the 
greater,  and  DB  the  less,  whose  difference  is  AE  :   Then 

3...B  •       As 
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As  the  Base  AB  85-6  ~Co.Ar.8-067SS 

Is  to  the  sum  of  the  two  sides  AC  and  BC  126-96     2*10366 

So  is  the  difference  of  the  sides  AC  and  BC    23*84     1*37730 

Tothedifferenceof  the   segments!  ^^.^^     '_       j;^^ 

of  the  base,  or  Ajl 3 

Half  the  difference  of  the  segments  is  17*68 

To  half  the  base  42*8   1  From  half  the  base  42*8 

Add  half  the  difference  17*68  V  Take  the  half  difference  17*68 

And  the  sum  is  the  greater!   6o*48-'  "^^^  ^^^  remainder  isl   o^.tn 
segment  AD  j  the  less  segment  DB   3 

Thus  is  the  oblique  angled  triangle  ABC  divided  into  two  right 
angled  triangles  ADC  and  BDC,  both  right  angled  at  D,  in  each  of 
which  are  given  the  base  and  hypothenuse,  to  find  the  other  parts. 

Firsii  For  the  angle  at  C  in  the  right  angled  triangle  ADC,  mak- 
ing the  hypothenuse  radius. 

As  AC  75*4  Co.  Ar.  8*12263 

Is  to  AD  60-48  1*78161 

So  IS  radius  90^^,00'  10- 

To  the  sine  of  C      53°,20''  9*90424 

The  angle  A,  being  the  complement  of  the  angle  C,  is  36^,40^ 
Then  for  the  angle  C  in  the  right  angled  triangle  BDC. 

As  BC  61*56  Co.  Ar.  8-28778 

IstoBD  25*12  1-40002 

So  is  radius  90«,00'  10- 


To  the  sine  of  C      29°,09'  9*68780 

Whence  the  angle  B  is  60^,5  T,  being  the  complement  of  29°,09'^ 
and  the  angle  at  C,  in  one  triangle,  being  added  to  the  angle  C  in 
the  other,  is  82*^,29' ;  thus  the  solution  of  the  problem  is  finished. 

Trigonometry  is  easily  applied  to  Navigation,  and  the  Mensura- 
tion of  Heights  and  Distances.  With  respefl  to  the  former  ;  sup- 
pose in  the  first  Problem  of  right  angled  Trigonometry,  the  angle 
at  A  is  the  ship's  course,  the  base  to  be  the  true,  (or  meridional,)  dif- 
ference of  latitude,  the  perpendicular  to  be  the  departure^,  or  differ- 
ence of  longitude,  and  the  hypothenuse  to  be  the  distance  the  ship  is 
to  run  ;  then  we  have  the  course  and  true  (or  meridional)  difference 
of  latitude  given,  to  find  the  distance,  and  departure  from  the  merid- 
ian, (or  difference  of  longitude.) 

In  Problem  2d,  we  have  the  course  and  distance  given,  to  find  the 
true  (or  meridional)  difference  of  latitude,  and  the  departure,  (or 
difference  of  longitude.) 

With  resped  to  heights  and  distances  :  If  we  suppose  in  the  first 
Problem  before  mentioned,  the  angle  at  A  to  be  the  angle  which  the 
top  of  any  distant  obje<5t  makes  with  the  surface  of  the  earth,  where 
we  stand  ;  the  base  to  be  the  distance  of  the  objeft,  (on  level  ground,) 
and  the  perpendicular,  the  object's  height  ;  then  we  have  the  angle  A, 
and  the  distance  AB,  to  find  the  height  BC  ;  but  this  will  serve  only 
•»  l^vel  QvoMTid,  aad  where  the  obje<5t  is  accessible. 

The 
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The  distance  of  any  Inaccessible  oh]eQ.  may  be  found  by  Problem 
ist,  of  oblique  Trigonometry  :  for,  if  we  suppose  the  objed  at 
C,  then,  at  t<wo  stations,  as  at  A  and  B,  take  the  bearing  of  the  place ; 
alsb;  measure  the  stationary  distance  AB,  and  you  will  then  have 
two  angles  and  a  side  opposite  to  one  of  them,  to  find  either  of  the 
•ther  sides. 

To  tah  the  height  of  tin  ObjeB  standing  on  a  hUU  ivhich  is  inaccessible, 

C 


At  two  stations,  as  at  A  and  B,  take  the  angles,  viz.  CAE  and 
CBE,  which  the  top  of  the  ob/eft  makes  with  an  horizontal  line,  and 
that  which  the  bottom  of  the  obje<5l  makes  with  the  first  station,  at  A, 
viz.  DAE,  then  take  DAE  from  CAE,  and  the  remainder  is  CAD. 

Note.  When  an  angle  is  expressed  by  three  letters,  the  middle  one 
shews  the  angle.  Now,  suppose  the  stationary  distance  AB  120,  the 
angle  ACB  12°,  and  angle  CBA  122*',  then  by  Problem  1st  of  ob- 
lique Trigonometry,  we  have  two  angles  and  a  side  opposite  to  one  of 
them  given,  to  find  the  side  AC.     Therefore, 

Co.  An 
As  S.  of  ACB  12°,00'  —  0-68213 

Is  to  S.  of  CBA  1220,00'  —  9-92842 

So  Is  stationary  distance  120   —  2-07918 


To  side  AC  489-5    —  2*6897S 

Note.  I.  subtraded  122°  from  180**,  and  worked  with  the  remain- 
der,  and  In  the  following,  1 14^  from  ISO'*.  Now,  having  found  AG 
489-5,  suppose  the  angle  GDA  114«,  and  the  angle  CAD  22*^,  and 
we  have  two  angles  and  a  side  opposite  to  one  of  them,  as  before  to 
find  the  perpendicular  height  of  the  ©bjeil  CD.     Therefore, 

Af. 
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Co.  Ar.  Co.  Ar/ 


As  S.  of  CD  A  lU^yQ(y  0-03927 
Is  to  S.  of  CAD  22^,00'  9-57358 
So  is  side  AC  489-5  2-68973 


As  S.  of  CD  A  IMSi  »  0-03927 
Is  to  S.  of  ACD  W>  -  9-84177 
So  is  side  AC     489-5-  2-68973 


To  perpend,  hht.  CD200-7  2-30258  J  To  side  AD  372-2-  2-57077 
To  find  the  height  of  the  mountain  and  obje(St  together  ;  we  have 
the  right  angled  triangle  ACE,  in  which  are  given  the  hypothenuse 
AC  489-5,  angle  CAE  46°,  and  the  angle  ACE  44«',  whence,  by 
Problem  2d.  of  right  angled  Trigonometry,  we  have  these  propor- 
tions. 


As  radius  90°  10-000001 

Is  to  S.  of  CAE       46°    9-85693 


As  radius  90'»-10'00000 

Is  to  S.  of  ACE    44<>-  9-84177 


So  is  hypoth.  AC   489-5  2-68973  }>  So  is  AC  489-e-  2-68973 

To  per.  hht.  CE      S52-1  2-54666J  To  ^E  340   -  2-53150 

If  you  subtraft  CD  from  CE,  you  will  have  the  height  of  the  hill 
151-4. 

Any  figure  in  Navigation,  or  Mensuration  of  Heights  and  Distan- 
ces, may  be  measured  Geometrically,  as  direfted  in  the  foregoing 
Problems  of  Trigonometry. 


MENSURATION 

OF  SUPERFICIES  AND  SOLIDS, 
I  Section  I.  Of  Superficies. 

SUPERFICIES,  or  surfaces,  are  measured  by  the  superficial  inch, 
foot,  yard,  &c.  according  to  the  measures  peculiar  to  different  artists. 

The  superficial  inch,  foot,  &c.  is  one  inch,  foot,  &c.  in  length  and 
breadth  ;  and,  because  12  inches  make  one  foot  of  Long  Measure, 
therefore,  12x12=144  inches  make  1  superficial  foot,  3x3=9  feet,  a 
yard,  &c. 

The  superficial  content  of  every  surface  is  found  by  the  proper  rule 
of  its  figure,  whether  square,  triangle,  polygon,  or  circle. 

Article  [.To  measure  a  Square,  haixing  equal  sides. 

Rule. — Multiply  the  side  of  the  square  into  itself,  and  the  pro- 
dudl  will  be  the  area  or  superficial  content,  of  the  same  name  with 
the  denoniination  taken,  either  in  inches,  feet,  or  yards,  respedlivelj. 

Let  ABCD  represent  a  square,  whose  side  is  12     i 
inches  or  12  feet.     Multiply  the  side   12  by  itself,        j  ~]B 

thus,  12  inches.  12  feet. 

12  inches.  12  feet. 


Area  =  144  Inches.  144  feet. 


Jc 


By  the  Sliding  Rule, 
Set  1  to  the  length  on  B,  then,  find    the  breadth  on  A,  and  op- 
posite to  this  on  Bj'^'you  will  have  the  content.  By 
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By  Gunler's  Scale. 
Extend  the  dividers  from  1,  on  the  line  of  numbers,  to  the  length  ; 
that  distance,  laid  the  same  way  from  the  breadth,  will  point  out  the 
answer. 

Art.  2.  To  measure  a  Parallelogram,  or  long  Square, 
Rule. — Multiply  the  length  by  the  breadth,  and  the  produ^  will 
be  the  area,  or  superficial  content. 

Let     VBCD    represent    a    parallelogram,^, 
whose  length  is  16  feet,  and  breadth,  12  feet. 
Multiply  16  by  12. 

Length    16 
Breadth    12 

192  area. 
The  content  of  this  figure  is  found  on  the  sliding  rule  and  scale,  as 
the  former. 

Art.  3.  When  the  breadth  of  a  Superficies  is  gvuen,  to  find  how  much  in  length 
luill  male  a  square  foot,  yard,  l^c. 
Rule. — As  the  breadth  is  to  a  foot,  yard,  &c.  so  is  a  foot,  yard, 
Sec.  to  the  length  required  to  make  a  foot,  yard,  &c.     Or  divtde  14^ 
by  the  breadth,  and  the  quotient  will  be  the  length  required. 

How  much,  in  length,  of  a  board  2\  feet  widp,  will  make  a  square 
foot  ?  -  ■ 

In.  br.  In.  leng.    In.  br.  In.  leng. 
As  30     :     12     ::     12     :     4-8 
12 

30)  144(4*8  inches,  length  required. 
120 


240 

240  In. 

Breadth  =30)  144(4-8  inches,  Ans. 
Art.  4.  To  measure  a  Rhombus. 
Definition.     A  rhombus  is  a  figure  with  four  equal  sides,  in  the  form 
of  a  diamond  on  cards,  having  two  angles  greater  and  two  less,  than 
the  angles  of  a  square  :  the  former  are  called  obtuse  angles,  and  the 
latter,  acute,  or  sharp,  angles. 

Rule. — Multiply  the  side  by  the  length  of  a  perpendicular,  let 
fall  from  one  of  the  obtuse  angles  to  tlie  side  opposite  such  angle- 

Let  A  BCD  represent  a  rhombus, 
each  of  whose  sides  is  16  feet :  A  per- 
pendicular let  fall  from  the  obtuse  an- 
gle, at  B,  on  the  side  DC,  will  inter- 
sea;  it  in  the  point  E,  so  will  BE  be  1 2 
feet;  and  this  being  multiplied  into  tlie 
given  side,  the  produft  will  be  the  area 
Qf  the  rhombus. 


Side 
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Side  =16  By  the  Sliding  Rule. 

Per.  =  12  Set  1   on  A  to  the  length  on  B  ;  find  the 

perpendicular  height  on  A,  against  which  on 

192  area.  B  is  the  content. 

By  Gunter. 
The  extent  from  1  to  the  perptfhdicular  height  will  reach  from  thfe 
length  to  the  content. 

Art.  5.  Tojind  the  Area  of  a  Rhomboides. 

Definition.  A  rhomboides  is  a  figure,  whose  opposite  sides  and  op. 
posite  angles  are  equal. 

Rule. — Multiply  one  of  the  longest  sides  by  the  perpendicular  let 
iall  from  one  of  the  obtuse  angles  on  one  of  the  longest  sides. 

Let  A  BCD  represent  a  rhomboides  ;  ^ 

the  longest  sides  AB  and  CD  being  16*5 
-ieet,  and  the  perpendicular  AE,  9»7  feet. 

Side  =  16-5  I>, 

Perp.      9-7  ^ 


1155 

1485 

Ans.  160-05  feet. 


The  content  is  found  on  the 
sliding  rule,  and  scale,  as  in  the 
last  figure. 


Art.  6.  To  measure  a  Triangle. 

Rule. — If  it  be  a  right  angled  triangle,  multiply  the  base  by  half 
the  perpendicular,  or  half  the  base  by  the  perpendicular,  and  the 
produd:  will  be  the  area :  but  if  it  be  an  oblique  angled  triangle, 
(w^hether  obtuse,  or  acute)  multiply  half  the  base  by  the  length' of 
the  perpendicular  let  fall  on  the  base  from  the  angle  opposite  to  it, 
and  the  produft  will  be  the  area.  The  longest  side  of  a  triangle  is 
usually  called  the  base,  except  in  a  right  angled  triangle,  where  the 
longest  of  the  two  legs,  which  include  the  right  angle,  is  called  the 
base. 

In  the  right  angled  triangle  ABC  right 
angled  at  C  ;  the  base  AC  is  18-8  feet,  and 
the  perpendicular  BC  =  12*6. 

Base      =18-8  Or,  Perp.  =  1 2-6 

iPerp.  =    6-3  4,  Base  =    9-4 


564. 
1128 


504.       A 
1134.      ^ 


1 1 8*44  area-  1 1 8  '44  are^. 

The  oblique  angled  triangle  ABC 
being  given,  let  fall  a  perpendicular 
from  the  angle  at  B  on  the  base  AC, 
and  that  perpendicular  is  the  height  of 
the  triangle.  The  base  AC  being  k 
15*6,  and  the  perpendicular  BD  =  9, 
tp  jfind  the  area. 


7'«  =  harf 


AND  SOLIDS.  399 

7*8  =  half  the  base. 
9  =  height  of  the  angle. 

70-2  =  area. 

By  the  Sliding  Rule. 

Set  1  on  A  to  the  length  of  the  base  on  B,  and  opposite  to  half 
the  length  of  the  perpendicular,  on  A,  you  will  have  the  content  on  B. 

By  Gunter* 

The  extent  from  1  to  half  the  length  of  the  perpendicular  will  reack 
from  the  length  of  the  base  to  the  content. 

In  this  place  it  may  be  proper  to  instruft  the  learner  in  one  of  the 
properties  of  a  right  angled  triangle  :  viz.  That  the  square  of  the 
longest  side  of  a  right  angled  triangle,  usually  called  the  hy.pothenuse, 
is  equal  to  the  sum  of  the  squares  of  the  two  other  sides,  usually 
called  the  legs  ;  which  is  of  great  use,  for  by  this  mean,  any  two  side^ 
of  a  right  angled  triangle  being  given,  the  other  may  be  found  by 
common  Arithmetick.  Thus,  in  the  right  angled  triangle  A  BC,  the 
base  AC  and  perpendicular  BC  being  given,  the  hypothe»ue  AB  may 
be  found  by  extrading  the  square  root  of  the  sum  of  the  squares  of 
the  base  and  perpendicular. 

Base  18-8  Perp.  12-6  353-44  =  square  of  the  base. 

18-8  12-6  158-76  =  square  of  the  perp. 


1504 
1504 
188 

756 
252 
126 

512-20(22-63  hypothenuse. 
4 

353-44 

158-76 

42)112 
84 

446)2820 
2676 

4523)14400 
J  3569 

831 

And,  if  the  hypothenuse  and  one  of  the  legs  be  given,  the  other 
may  be  found  by  subtra<5ling  the  square  of  the  given  leg  from  the 
square  of  the  hypothenuse. 

There  are  some  numbers,  the  sum  of  whose  squares  make  a  per- 
feift  square,  of  which  sort  are  3  and  4,  whose  squares,  being  added 
together,  make  25,  which  is  the  square  of  5  :  therefore,  if  the  base  of 
a  triangle  be  4,  and  the  perpendicular  3,  tlie  hypothenuse  will  be  5  ; 
and  if  any  of  these  numbers  be  multif)lied  by  any  other  number,  those 
produas  will  be  the  sides  of  right  angled  triangles,  as  6,  8,  10,  and 
15,  20,  25,  &c.  Thus  artificers,  when  they  set  off  the  comer  of  a 
building,  usually  measure  6  feet  on  one  side,  and  8  feet  on  the  other, 
then  laying  a  10  feet  pole  across,  it  makes  the  corner  a  true  right  aji- 
r^e.  Art. 
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Art.  7«  There,  is  another  method  of  finding  the  area  of  triangles^  the  three 
sides  being  given. 

Rule. — Add  the  three  sides  together,  then  take  the  half  of  that 
sum,  and  out  of  it  subtraa  each  side  severally  ;  and  multiply  the  half 
of  the  sum  and  these  remainders  continually,  and  the  square  root  of 
this  produ6l  will  be  the  area  of  the  triangle. 

In  the  oblique  triangle  ABC,  the  base  AC  is  given  15*6,  tlie  side 
AB  is  10-4,  and  the  side  BC  is  9*2,  to  find  the  area. 


^C 


10-4. 

17-6 
— 1.5-6 

17-6 

—  10-4 

17-6 
—  9-2 

9-2 







7-2 


8-4 


35-2  sum. 


1 7*6  =  half  the  sum. 

17-6 
2 


35-2 

7-2 

704 
2464 

253-44 

8*4 

101376 
202752 

2128-896 


2128-8960(46-139  =  area. 
16 

86)528 
516 

921)1289 
921 

9223)36860 
27669 


92269)919100 
8.30421 


88679 


Art.  8.  To  measure  a  Trapezium. 

Definition.  A  trapezium  is  an  iriegular  figure  of  four  unequal  sides, 
and  unequal  angles. 

Rule. — Draw  a  diagonal  line  from, one  of  the  angles  to  the  op- 
posite angle,  as  AC,  and  then  will  the  trapezium  be  divided  into  two 
triangles,  of  which  the  diagonal  is  the  common  base  :  then,  letting 
fall  perpendiculars  from  the  other  opposite  angles  on  the  diagonal, 
add  those  perpendiculars  together,  and  multiply  half  that  sum  into 
the  diagonal,  or  half  of  the  diagonal  into  tlie  sum  of  the  perpendic- 
ulars, and  that  product  will  be  the  area  of  the  trapezium. 

In  the  trapezium  A  BCD,  the 
diagonal  AC  is  24,  the  perpen- 
dicular DE  6,  and  the  perpendic- 
ular BF  10.  The  sum  of  the  per- 
pendiculars is  16,  whose  half  is 
3,  which  being  multiplied  into  24, 
will  give  the  area. 

24 
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24. 
8 

192  =  area. 

By  the  Sliding  Rule. 
Set  VpTirA  to  I  the  sum  of  the  perpendiculars  on  B,  and  opposite 
the  length  of  the  diagonal  on  A,  you  will  have  the  area  on  B. 

J    :  '  .  By  Gunter. 

The  extent  from  1  to  t  the  sum  of  the  perpendiculars  will  reach 
from  the  length  of  the  diagonal  to  the  area. 

Art.  9.  To  measure  any  irregular  Figure. 

Rule.— Divide  the  figure  into  triangles,   by  drawing  diagonals 

from  one  angle  to  another  ;    then  measure  all  the  triangles  by  eiiher 

of  the  rules,  already  taught,  at  Article  G  or  7,,  and  the  sum  of  the 

several  areas  of  all  the  triangles  will  be  the  area  of  the  given  figure. 


The  irregular  figure  ABCDEI? 
being  given,  divide  it  into  triangles 
by  the  diagonals  FB,  EB,  and  DB  : 
then  may  the  triangles  be  measured 
by  letting  fall  perpendiculars  on  their 
rcspe^ive  bases,  as  Ba,  B^,  Df,  FJ, 
and  multiplying  those  perpendiculars 
by  half  their  respedive  bases. 


In  the  triangle  AFB  the  base  FA  is  100,  and  tlie  perpendicular  Ba 
49  ;  in  the  triangle  FBE  the  base  BE  is  9^,  and  the  pprpendicular 
F^52  ;  in  the  triangle  EBD,  the  base  BE  is  the  same  as  befce,  and 
the  perpendicular  Dc  44 ;  and  in  the  triangle  DCB,  the  ba«.e  OC  is  ^0, 
and  the  perpendicular  B^  38  ;  by  which  the  area  of  each  may  be 
found  by  Art.  6,  as  follows. 


50=.- half  A  F. 
49  =  pcrp.  aVi. 


46  =  ha3f  BE. 
ft2  =  perp.  VJ, 


2450  =  area  of  AFB. 

4G  =  half  BE. 
44  =  perp.  Dr. 


2450 
2024 
2392 
1520 


184 
184 


r 


i  =  area  of  EBD. 


92 

230  

8386  =  area  of  the 

2392  =  area  of  FBE.  figure  ABCDEF. 

38  =  perp.  B^. 
40  =  half  DC. 

1520  =  area  of  DCB. 

Ill 
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In  dividing  any  irregular  figure  into  triangles,  the  triangles  will 
be  less,  by  two,  and  the  diagonals  less  by  three,  than  the  number  of 
the  sides  of  the  figure.  ^ 

Art.  10.  To  meaiuve  a  Trapezoid. 

Definition.  A  trapezoid  is  the  segment  of  a  triangle,  cuti>y.^  line 
parallel  to  the  base.  •   .     '  .r'.'^.     : :, 

Rule. — Add  the  parallel  sides  together,  and  multiply  half  that  sum 
by  the  perpendicular  breadth. 

B.^ — 


D 


In  the  trapezoid     24^  =  AD 
ABCD,    the  side     1G  =  BG 
AD  is  24,  the  side     — 
BC  is   16,  and  the     40  =  sum. 
perpendic.  breadth     — 
B«  is  10,  to  find  the     20  =  t  sum. 
area  by  adding  the     10  =  Btz. 

sides  BC  and  AD 

and       multiplying  200  =  area. 

half  their  sum  by  the  perpendicular  breadth  Ba. 

By  tlye  Sliding  Rule. 

Set  1  on  A  to  the  equated  length  on  B,  and  against  the  breadth  o» 
A  you  will  have  the  area  on  B. 

By  Gunter. 

The  extent  from   1   to  the  breadth  will  reach  from  the  equatei 
length  to  the  area. 

Art.  11.  To  measure  any  regular  Polygon. 


Dejinition.     A  regular  polygon 

is  a  figure  whose 

'  sides  and  angles 

are  all  equal ;  they  are  usually  denominated  from  the  number  of  their 
sides. 

Thus,  A  figure  having    < 

r  ^1 

4 
5 
6 

7 
8 

equal  sides  and 
angles  is  a 

'Trigon. 
Tetragon. 
Pentagon. 
Hexagon. 
Heptagoo. 
Odagon. 

9 
10 
11 

112, 

Enneagon. 
Decagon. 
Endecagon, 
Dodecagon. 

Rule. — Multiply  the  length  of  one  of  the  sides  by  the  number  of 
of  sides  ;  then,  this  product  by  the  half  of  a  perpendicular  let  fall 
from  the  centre  of  the  figure  to  the  middle  of  one  of  the  sides,  and 
the  produdt  will  be  the  area  of  the  polygon. 

In 
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In  the  pentagon  ABCDE,   each  side  is  95, 
and  tJie  perpendicular  FG  65'S6i   to  find  the 


area. 


95  =  length  of  a  side. 
5  =  number  of  sides. 

475  =  sum  of  the  sides. 
32-68  =  ^  of  the  perpendicular. 

3S00 
2850 
950 
1425 


1 5523*00  =  area  Of  the  pentagon. 

By  the  Sliding  Rule. 

Set  1  on  A  to  g-  the  perpendicular  on  B,  and  against  the  sum  oi 
the  sides  on  A  you  will  have  the  area  on  B. 

By  Gunter. 

The  extent  from  1  to  half  the  length  of  the  perpendicular,  will 
reach  from  the  sum  of  the  sides  to  the  content. 

But  for  the  more  ready  measuring  regular  polygons,  the  following 
Table,  containing  multipliers  for  all  regular  figures  from  the  triangle 
to  the  dodecagon,  will  be  of  use  t©  the  learner. 


Number 
of  fides. 

Names. 

Multipliers. 

Number 
of  fides. 

Names. 

Multipliers. 

3 
4 
5 
6 

7 

Trigon. 

Tetragon. 

Pentagon. 

Hexagon. 

Heptagon. 

•433013 

1- 

1-720477 
2-589076 
3-633959 

8 

9 

10 

li 

12 

Oiftagon. 

Enneagon. 

Decagon. 

Endecagon. 

Dodecagon. 

4-828427 
6-181827 
7-694209 
9-361 
1M96 

If  the  square  of  the  side  of  a  polygon  be  multiplied  by  the  multi- 
plier of  the  like  figure,  the  produ<fl:  will  be  the  area  of  the  figure 
sought. 

To  measure  a  Circle  and  its  Parts. 

In  the  annexed  circle  A  BCD,  the  arch 
line  A  BCD  is  called  the  periphery  y  the 
length  of  which  is  called  the  circumfe- 
rence :  Any  line,  as  DB  or  AC,  passing 
through  the  centre  E,  cuts  the  ciicle  in- 
to two  equal  parts,  called  semicird.s^  or 
half  circles  ;  and  such  lines  are  called 
diam(?ters  of  the  circle  :  If  two  diame- 
ters be  drawn  through  a  circle,  at  right 
angles  to  each  other,  then,  tlie  four  e- 
qual  divisions  of  the  circle  are  called 
qurdrants  :  half  the  diameter  as  EB,  is  called  the  rndiusy  or  semidiam- 
eter.  "  a  „  r 
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Art.  12.  The  Diameter  of  a  Circle  being  given,  tojind  the  Circumference.* 
Rule. — This  may  be  done  by  cither  of  the  foUowing  proportions 
in  whole  numbers,  as  7  is  to  22,  or  more  exaftly,  as  H  3  is  to  355  ; 
or  in  decimals,  as  1  is  to  3"  14 159  ;  so  is  the  diameter  of  a  circle  uo 
the  circumference. 

ExAMP.  A  circle  whose  diameter  is  12,  to  find  the  circumference. 

As 

*  T^ote.  1.  If  the  diameter  of  any  circle 
VI    C multiplied?  ,      V  3-14159,  the  produdl  7  .     , 
^  idivided      5  ^^  i   .31831,  the  quotient  J  ''  '^^  circumfereuce. 

2.  If  the  diameter  of  any  circle 

V     C multiplied  7  ,      C   -886227,  the  produa  7  .    ,,     r  i      r  \c 

be  ■{  )•   -J  J       J-  by  -i  1  irir,r,-/x    .t  .•     .  f  IS  tlic  fide  of  an  equal  Iquare. 

^divided      5     ■'^  C  it "128379,  the  quotient  5  ^         ^ 

3.  If  the  diameter  of  any  circle 

,  ^  5  niultiplied  7  ,      C  -866024,  the  produd:  7  is  the  fide  of  the  equilateral 
''^divided       \    ^^-1547,       the  quotient  ^  triangle  infcribed 

4.  If  the  diameter  of  any  circle 

,     5™"l-'Plisd7  u    5   '"^07016,  the  produdl  ";  is  the  fide  of  the  fquare 
t  divided      5    ^  I  1-414213,  the  quotient  \  infcribed. 

5.  If  the  fquare  of  the  diameter  of  any  circle 
CmultJoHed)  ,      C   -785398,  the  product  ;•  .     . 

'-'  idivided      i  by  il.27324i;  the  quotient  V'  '^''  ^'''' 

6.  If  the  drcumference  of  any  circle 

be  Jr^^i^''^?  by  J;?l«^i'  ;!;^  P'-^f  ^,  I  is  the  diameter, 
idivided       S    ■'^  (  3*14159,  the  quotient 5 

7.  If  the  circumference  of  any  circle 

.      C multiplied^  .      C   -282094,  the  product  7  is  the  fide  of  the 
idivided  ^    ^     ^  i 3-544907,  the  quotient 5  fquare  equal. 

8.  If  the  circumference  of  any  circle 

,     ^multiplied?  ,      \    -275664G,  the  produil  7  is  the  fide  of  the  equilateral 
^divided      3     ^  /  3-6275939,  the  quotient 5  triangle  infcribed. 

9.  If  the  circumference  of  any  circle 
•225079,  the  producft  ,-  is. the  fide  of  the 

4-442877,  the  quotient  J)  fquare  infcribed. 

10.  If  the  fquare  of  the  circumference  of  any  circje 
,      C multiplied  ;  ,     C     -079577525,  the  produft  )  .     , 

^'  idivided      S  ^  1 12-56636217,     the  quotient^  ''  '^'^  ^''^' 

11.  If  the  area  of  any  circle 

,      C  -luItipliedTi  ,      C  1-273241,  the  product  /  is  the  fquare  of 
^idivided      i    ^C  -785398,  the  quotient  5  the  diameter. 

1 2.  If  the  area  of  any  circle 

,      C  multiplied  ?  l     S  12-56636217,     the  produdl  \  Is  the  fquare  of  the 
I  divided      }    ^(      -079577525,  the  quotient  3  circumference. 

13.  When  the  diameter  of  one  circle  is  1,  and  the  diameter  of  another  is  2,  the 
circumference  of  the  firft  is  equal  to  the  area  of  the  fecond,  =  3-141592. 

14.  If  the  circumference  be  4,  the  diameter  and  area  are  equal,  =  1-273241. 

15.  If  the  diameter  be  4,  the  circumference  and  area  are  equal,  =  12-566368. 
Hence,  bccaufe  circles  are  the  moft  capacious  of  allfigijrcs,  if  the  fourth  part  of 

a  circle  bey^«fl;W,  it  will  not  be  equal  to  the  area  of  that  circle  fas  is  commonly 
fuppofed)  although  theyowr  fides  added  together  arc  equal  to  the  circumference  of 
that  circle. 

In  a  circle  whofe  diameter  is  24,  circumference  75-4,  and  area  452-4,  tht  fourth 
part  of  the  circumference  is  18-85,  the  fquare  of  which  is  only  355-3225,  that  is, 
97-0775  lefs  than  the  truth  :  and  the  larger  the  circle  is,  the  greater  will  the  errour 
%^.  For 


I         multiplied  ^  , 
(^  divided       3 
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4(^5 


As  7:  22  ::  12 
12 


As  113  :  355  ::  12 
12 


As  1  :  3-14159  ::  12 
12 


7)264(37-71  =  cir-1    1 13)4260(37-099  cir. 
21    cumfereRce.j 


37-69908  cir. 


54 
49 


339 

870 
791 


50 
49 


790 

678 


10 

^7 


1120 
1017 


3  103 

Note.  3-14159  may  be  contratfted  to  3-1416  without  any  sensible 
difference. 

Art.  13.  The  Circumference  of  a  Circle  being  given,  to  find  the  Diameter. 

Rule. — As  22  is  to  7  ;  or  355  to  113  ;  or  as  1  to  -31831,  so  is 
the  cncumference  of  a  circle  to  the  diameter. 

Exam  p.  The  circumference  of  a  circle  being  326,  to  find  the  di- 
ameter. 

As  22  ;  7  ::  326  355  :  113  ::  326  1 :  -31831  ::  32^ 

7  326  326 


22)2282(103-72  diam.     678 


190986 


22 


I 

226 

63662 



•    339 

95493 

82 
66 

355)36838(103-76  dinm. 

103-76906=  di. 



355 

ameter.    This 

160 

proportion    is 

154 

1338 

the  most  accu- 

1065 

rate. 

60 

44 

2730 



2485 

16 


245 


Art.    14.  To  find  the  Area  of  a  Circle. 

Rule. — Multiply  half  the  dianntt  r  I)v  lialf  the  circumference  and 
the  produd  is  the  area.  If 

?or  further  proof  of  this  matter:  It  a  cviuKiruMl  pint,  licer  nioarur».',  whole 
content  is  35-25  cubicle  inches,  be  bcaien  into  a  perfci.'^lyyyM.j/i' /»////,  it  will  con- 
tain only  'i8-902  cubick  inches,  whicfi  is  lels  than  the  truth  by  (v.MH  !-:  •  .l"'  '  .■« 
of  the  circle  is  8-7f)l5S59t?H«,  and  the  area  of  the  Iquare  only  f/SSI  :(:V. 

Hence  appear!,  the  reafon,  why  takinj;;  the  jaurtb  part  of  the  {jirih  i 
a  cylinder  (or  a  round  Hick  of  timber)  is  falfe. 

If).  If  the  diameter  of  one  circle  be  doulilc  \o  that  of  anotlxr,  tlw?  atco  of  the 
luft  circle  will  he  four  times  the  are.a  of  the  fccoud. 


it 
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If  the  diameter  be  given,  find  the  circumference  by  Art.  12. 
If  the  circumference  be  given,  find  the  diameter  by  Art.  13. 
Exam  p.  A  circle  whose  diameter  is  12,  and  circumference  is  37* 
given,  to  find  the  area  ? 

18'85=:  half  the  circumference. 
6  =  half  the  diameter. 

1 13*1  =  area  of  the  given  circle. 

Art.  15.  T/je  Diameter  being  given  tojind  the  Area  of  a   Circle  nvithcui 
jinding  the  Circumference, 
Rule — Multiply   the  square  of  the  diameter  by  '7854,  and  the 
produft  will  be  the  area  of  the  circle,  whose  diameter  was  given. 
Exam  p.  The  diameter  of  a  circle  being  12,  to  find  th«  area  ? 
•7854 
12x12=     144 

31416 
31416 

7854 


11 3-0976  =  area. 

By  the  Sliding  Rule. 

Set  1  on  A  to  the  diameter  on  B,  then  find  '7854  (which  express- 
es the  area  of  a  circle  whose  diameter  is  1 )  on  A,  against  which  on 
B  is  a  4th  number,  then  find  this  4th  number  on  A,  against  which  on 
B  is  the  area. 

By  Gunter. 

The  extent  from  1  to  the  length  of  the  diameter  reaches  from  '7854 
to  a  4th  number,  and  from  that  4th  number  to  the  area. 

Art,  16.  The  Circumference  of  a  Circle  being  given,  to  find  the  Area  'with- 
out Jinding  the  Diameter. 

Rule. — Multiply  the  square  of  the  circumference  by  -07958,  and 
the  produdl  will  be  the  area  of  the  circle. 

ExAMP.  The  circumference  of  a  circle  being  37*7,  to  find  the  area. 

1421-29 
37-7  -07958 


37-7 


1137032 


2639  710645 

2639  1279161 

1131  994903 


1421-29  =  square.  1 13*1062582  =  area  of  the  circle. 

Art.  17.  The  Dimensions  of  any  of  the  parts  of  a  Circle  being  givaiy   to 

fnd  the  side  of  a  Square  equal  to  the  Circle. 
*    Rule. — If  the  area  of  the  circle  be  given,  extra<fl  the  square  root 
'^f  the  area,  which  will  bo  the  side  of  a  square  equal  to  the  circle  : 
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It  the  diameter  or  circumference  be  given,  find  the  area  by  Art.  15 
or  16,  and  then  extiaft  the  square  root,  as  before.  And  this  is  a  gener- 
al rule  to  find  the  side  of  a  square  equal  to  any  superficial  figure,  reg- 
ular or  irregular  :  for  the  square  root  of  the  area  of  any  figure  what- 
ever, is  the  side  of  a  square  equal  to  the  given  figure.  But  with  re- 
gard to  circles,  if  the  diameter  be  given  ;  multiply  it  by  -886, 
and  the  produ<^  will  be  the  side  of  an  equal  square  :  or,  as  13*545  is 
to  12,  or  1354  to  1200  :  so  is  the  diameter  of  a  circle  to  the  side  of 
a  square  equal  to  the  given  circle.  And,  if  the  circumference  be 
given,  multiply  it  by  -282  for  the  side  of  an  equal  square.  Or,  di- 
vide it  by  3-545,  and  the  quotient  will  be  the  side  of  an  equal  square. 

ExAMPk  1.  EXAMP.  2. 

Let  the  diameter  of  a  circle  be  The  circumference  being  37*7 

12,  to  find  the  side  of  a  square  to  find    the    side    of  an   equal 

equal  to  the  circle  ?  square  ? 

•886x12=  10-632  =  side  of  the  37-7X-282  =  10-631  «=  side   of 

square.  the  square. 

Or,  as  13-545  :  12  ::  12  :  10-631  Or,  37-7-i-3-545=  10-634. 
—  the  side. 

Art.  18.  The  Area  of  a  Circle  being  glveitf  to  jind  the  Diameter » 

Rule. — Multiply  the  given  area  by  1-2732,  and  the  product  will 
be  the  square  of  the  diameter  ;  then,  extrafting  the  square  root  of 
the  produft,  you  will  have  the  diameter. 

ExAMP.  The  area  of  a  circle  being  113-09,  to  find  the  diameter. 


1-2732 
113-09 

143-986188(11-999=  12  =  diameter 

1 

114588 
381960 
12732 
12732 

21)43 
21 

229)2298 
2061 

143-986188 

2389)23761 
21501 

23989)226088 
215901 

10187  remainder. 
Art.  19.  The  Area  of  a  Circle  being  given,  tofnd  the  Circumference. 

Rule. — Multiply  the  given  area  by  12-566,  and  extract  tlie  square 
oot  of  the  produd,  which  root  will  be  the  circumference  required. 

Ex  A  MP.  The  area  of  a  circle  being   US-OS  to  find  tlie  circumfe- 
ence. 

12-56G 
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12-566  I420-3349(37-6S  ^  drcumference. 

11303  9 

37698  67)520 

376980  469 

12566  

12566  746)5133 


1420-33498 


4476 

7528)65749 
60224 


5525  remainder. 
Art.  20.  77je  Side  of  a  Square  being  givetiy  to  find  the  Diameter  of  a  C'tr-* 
cle  equal  to  the  Square,  whose  Side  is  given. 
Rule — Multiply  the  given  side  by  1-128,  and  the  pradud  will  be 
the  diameter  of  a  circle,  whose  area  is  equal  to  the  area  of  the  given 
square.  Or,  if  the  side  of  the  square  be  divided  by  -886,  the  quo- 
tient will  be  the  diameter.  Or,  as  12  to  13-54,  so  is  the  side  of  any 
square  to  the  diameter  of  an  equal  circle. 

Exam  p.  The  side  of  a  square  being  10*635,  to  find  the  diameter 
of  a  circle  equal  to  that  square  ? 

10-635XM28  =  12  nearly.     Or,  10-635-f--886=  12  =  diameter. 
Or,  as  12  :  13-54  ::  10-&35  :  12  nearly. 

Art.  21.  The  Side  of  a  Square  being  given ,  to  find  the  Circmnference  of  a 
Circle  equal  to  the  given  Square. 

RuiE. — Multiply  the  given  side  by  3-545  and  the  produ^ft  will  be 
the  circumference  required.  Or,  divide  it  by  282,  and  the  quotient 
will  be  the  circumference. 

Ex  AMP.  The  side  of  a  square  being  10-631,  to  find  the  circumfe- 
rence of  a  circle  equal  to  that  square. 

10-631X3-545=37-686=circum.    Or,  •282)l0-631(37-698  circum. 

Art.  22.  To  find  the  Area  of  a  Semicircle,  the  Diameter  being  given. 

Rule. — Find  the  area  of  the  circle  by  Art.  15,  and  take  the  half 
of  it. 

In  the  same  manner  may  the  area  of  a  quadrant,  or  a  quarter  of  a 
circle,  be  found,  by  taking  a  fourth  part  of  the  area  of  the  whole 
circle. 

But  with  regard  to  measuring  a  se<5tor,  or  a  segment  of  a  circle,  it 
will  be  necessary  first  to  show  how  to  find  the  length  of  the  arch  line 
of  a  sedlor,  and  the  diameter  of  the  circle  to  a  given  segment. 

Art.  23.  A  Segment  of  a  Circle  being  given  y  to  find  the  length  of  the  Arch 

Line. 
Rule. — Divide  the  segment  into  two  equal  parts  ;  then  measure 
the  chord  of  the  half  arch,  from  the  double  of  which  subtracfl  the 
chord  of  the  whole  segment ;  and  one  third  of  that  difference,  being 
added  to  the  double  of  the  chord  of  the  half  arch,  will  give  the 
length  of  the  arch  line*  '  Ejamp. 
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Exam  p.  In  the  segment  ABCD, 
the  whole  chord  ^DC  is  216,  and 
the  chord  AB  or  BC  126,  to  find 
the  arch  line  ABC. 
126  =  chordABor  BC. 
2 


252  =  double. 

216  =  ADC,  to  be  subtrafted. 

3)36  =  diflFerence. 

12  =  1  difference. 


252  =  double  of  AB. 
12  =  -J  difference  added. 

264  =  length  of  the  arch  ABG. 


Art.  24.  The  Chord  and  versed  Sine  of  a  Segment  heing  given,  tojindthe  ^ 
Diameter  of  a  Circle,  4 

Rule. — Multiply  half  the  chord  by  itself,  and  divide  the  produ<a: 
by  the  versed  sine  ;  then  add  the  quotient  to  the  versed  sine,  and  the 
sum  will  be  the  diameter  of  the  circle. 


ExAMPLB.  In  the  segment 
ABCD,  the  chord  AC  is  1 869-5, 
and  the  versed  sine  BD  423*5,  to 
Jnd  the  diameter. 

r  half  the 


934-75 
934-75 

467375 
654325 
373900 
280425 
841275 


I  chord  AC 


423-5)873757-5625(2063«l  =D^. 

8470        423-5  =  BD,  add. 


26757 
25410 

13475 
12705 


2486-6  =  diamMerBDE 


7706 
4235 


S47I 


\,.ti 


AtT. 


410 


•MENSURATION  OF  SUPERFICIES 


Art.  25.  To  tneasure  a  Se&or. 
Definition.  A  seftor  is  a  part  of  a  circle,  contained  between  an  arch 
line,  and  two  radii  or  semldiameters  of  the  circle. 

Rule.  -Find  the  length  of  half  the  arch  by  Art.  23  :  Then  mul- 
tiply this  by  the  radius  or  semidiameter,  and  the  produd  will  be  the 
area. 

ExAMP.  1.  Inthesedor  ABCD, 
given  the  radius  AD  or  DC  72 
feet,  the  chord  AC  =  126  feet,  and 
the  chord  AB  or  BC  =:  70,  to  find 
the  area  of  the  se«5lor. 
First. 
70  =  chord  AB  or  BC. 
2 


^  140 
126  =  AC,  subtract. 

3)14 

4-66 
140 


Secondly. 
72-33  =  half  the  arck. 
72  =  radius. 

14466 
50631 


144-16  =  length  of  the  arch  ABC, 

[byArt.23. 

72-33 

Exam  p.  2.  In  the  seftor  ABCD, 
greater  than  a  semicircle,  given  the 
radius  AE  or  ED  =  112,  the  chord 
BD  (of  half  the  arch  ABD)  =204, 
and  the  chord  BC  (of  half  the  arch 
BCD)  =  120,  to  find  the  area  of  the 
sod  or. 
120  =  BC. 
2 

240 

204  subtra<51:. 


5207*76  =«rea. 


252  =  half  the  arch  ABP^ 
112  =  radius. 


504 
252 
252 

28224  =  area  of  the  sedor. 


3)36 

12 

240  Add. 

{Length  of  the  arch 
BCD,  by  Art.  23. 

Art.  26.  To  find  the  Area  of  a  Segment  of  a  Circle. 
Definition-  A  segment  of  a  circle  is  any  part  of  a  circle  cut  off  by  2. 
tight  line  drawn  across  the  circle,  which  does  not  pass  through  th^ 
(-entre,  and  is  always  greater  or  less  than  a  iremicircle, 

ExAMP, 
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Ex  A  MP.  1.  To  find  the  area  of  the  segment  ABC,  ^vhose  chord  AC 
IS  172,  the  chord  of  half  the  arch  ABC,  viz.  BC=  104,  and  thr 
versed  sine  BD  =  58-48. 


Rule.— By  Art.  23,  find  the  length 
of  the  arch  line  ABC,  and  by  Art.  24, 
tlie  diameter  FB  ;  then  multiply  half  the 
chord  of  the  arch  ABC  by  half  the  diam- 
eter, and  the  produ61:  will  be  the  area  of 
the  seftor  ABCE  :  then  find  the  area  of 
the  triangle  vEC,  whose  base  AC  is  172, 
and  perpendicular  height  34,  found  by 
subtracting  the  versed  sine  BD  from  half 
the  diameter  ;  and  the  area  of  the  triangle 
AEC,  being  subtrafted  from  the  area  of 


the  sedor  ABCE,  will  leave  the  area  of  the  segment  ABG. 


104  =  BC. 
2 


86  =  half  ADC. 
86 


208  '^ 

172=:AC,  subtra«Sl. 

3)36 


516 

688 

58-48)7396-00(126^47  =  DEF. 

5848  58-48  =  BD,  add. 


12 

208  add. 

220  =  arch  line  ABC. 
110=  half  arch. 


92-475  =  radius. 
110 

924750 
92475 

1 0 1 72-25  =  area  of  the  sector. 
86  =  half  thebase=  AD. 
34  =  perpendicular  DE. 

344 
258 


15480 
11696 

37840 
35088 

27520 
23392 


184-95=  diameter  BF. 


92-475  = 


t  radius  or  seii^jj 
diameter* 


41280 
40936 

344 

10172-25  =3  area  of  the  seftoj. 
2924       =  area  of  tlie  triangle- 


7248-25  =  area  of  the  segment 


2924  =  area  of  the  triangle. 


Exam  p.  2.  In  the  segment  ABCD  greater  than  a  semicircle,  giv 
«n  the  chord  gf  tlie  whole  segment  AD  =  136,  the  chord  AC  of  hali 

the 
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the  arch  ACD=146,  the  chord  AB  or 
BC  one  fourthof  the  arch  ACD  =  86, 
and  the  radius  AE  or  ED  =  80,  to 
find  the  area  of  the  segment  ABCD. 
First  find  the  area  of  the  sedor 
A  BCDE,  by  Art.  25,  at  the  second 
Exctmpie  ;  then  find  the  area  of  the 
triangle  A  ED,  by  Art.  6,  and,  ad- 
din  sf  ihe  area  of  the  triangle  to  the 
area  of  the  seftor,  you  will  have  the 
area  of  the  segment. 


/J6 


86  =  chord  AB. 
2 

172 

146  =  chord  AC,  subtraft. 

3)26 

8-666 
172         =  double  of  AB,  add. 


68  =  half  the  base  AD. 
42  =  perpendicular  E  136. . 

136 
272 

2856  =  area  of  the  triangle  AED. 
14453*28  =  area  of  the  sedor,  add. 


1 80-666  =  arch  line  ABC, 
80  =  radius. 

14453-280=:  area  of  the  sedlor- 


7309-28  =  area  of  the  segmentr 


A^T.  27.  Tojind  the  Area  of  an  Ellipsis, 

Dffinitiofi.  An  ellipsis,  or  oval,  is  a  curve  which  returns  into  itself 
like  a  Circle,  but  has  two  diameters,  one  longer  than  the  other,  the 
long'  SI  of  which  is  called  the  transverse,  and  the  shortest  the  conju- 
gate diameter. 

Rule. — Multiply  the  two  diameters  of  the  ellipsis  together ;  then 
multipling  the  produft  by  •7854,  this  last  produft  will  be  the  area  of 
the  ellipsis. 


Exam  p.  In  the  ellipsis  ABCD,  the 
transverse  diameter  AC  is  88,  and  the   j^ 
conjugate  di^njeter  BD  is  72,  to  find 
the  area. 


AND  SOLIDS.  4rs 


88 
72 


176 
Q 1 6  The  content  is  found  by  the  sliding  rule 

and  Gunter,  in  the  same  way  as  the  cir- 

6336  cle,  only  using  the  product  of  the  two  di- 

-7854  ameters  as  the  square  of  the  diameter  of 

-       -  a  circle. 

25344 
31680 
50688 
44352 

4976-2944  =  area. 

Mensuration  of  Superficies  is  easily  applied  to  Surveying  :  thus> 
take  the  angles  of  the  plot  with  a  good  compass,  then  measure  the 
sides  with  Gunter*s  chiin,  which  note  down  in  links  (or  chains  and 
links,  which  is  done  by  separating  the  two  right  hand  figures  of  your 
links  by  a  comma,  your  chain  being  100  links)  then  cast  up  the  con- 
tents,' according  to  the  rule  of  the  figure,  cutting  off  the  five  right 
hand  figures  of  the  produd,  and  those  at  the  left  hand,  if  any,  are 
acres  ;  then  multiply  the  five  figures  cut  off,  by  4,  by  40,  and  by  272f , 
cutting  off  as  before,  and  those  at  the  left  hand,  will  be  roods,  poles 
and  feet,  respeftively. 

Section  II.  Of  Solids. 

Solids  are  measured  by  the  solid  inch,  foot  or  yard,  &c.  1728  of 
these  inches,  that  is  12X12X12,  make  one  cubick  or  solid  foot. 

The  solid  content  of  every  body  is  found  by  rules  adapted  to  their 
particular  figures.- 

Art.  28.  To  measure  a  Cube.* 

Defnit'ton.  A  cube  is  a  solid  of  six  equal  sides,  each  of  which  is  an 
exad  square. 

The 

*  Here  follows  a  Table  of  the  Proportions,  which  the  following  SdiJi  have 
So  the  Cuhe  and  Cylinder^  iuving  the  fain*-  Baje  and  Altitude.  Solid  Inthcs. 

I.   A  Cube  wh^Sc  fide  is  iz  inches,  contains        -         -         -  1718 

a.  ^Ptijm,  having  ap  equilateral  triangle, v/hofe  (ide  is  12  inch- *) 
C9  from  its  Bafe.  and  its  Altitude  i4  inches,  contains  -  3     ^      ** 

3  A  Square  Pyr  mid,  wfcofe  height  and  the  fide  of  irs  bafe,  arc  >  ^ 
each  I  2  inches,  is  j  of  the  above  cube,  and  therefore  contain>      3 

4  A  Triangular  Py  amid,  whofc  height    and  Cdc  ot  ith  triangular  ^ 

bafe  are  each  i a  inches,  is  near  ^  of  the  cube  and  contains  -  3       '*9413 

5.  A  Cylinder,  whofe  diameter  and  height  arc  each  1%  inches,  is  ^ 

'•  of  the  above  cube,  and  contains  -         -         .  3  '557*7 

6.  A  S{)bere  or  Globe,  whole  axis  or  dian-.ctcr  is  1 1  inches,  c«iual  ^  ^2 
to  the  fide  of  the  cube,  18^1  of  it,  and  contains           -         -          ^     904"7» 

7.  A  Conc^  whofc  bafe  ^ind  altitude  arc  each  i%  inches,  equal  to^  ^g 
rljcfideof  the  cube,  is^<^.of  it,  and  comaim            -        •         >     454:)6819 

S.  A 
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The  solid  foot  is  composed  of  1728  inches  ;  for  a  solid,  that  is  1 
foot,  or  12  inches  every  way,  that  is  12x12x12,  contains  1728  inch- 
es. Rule. 

Solid  Inches. 

8.  A  Parabolich  Conoid,  whofe  diameter  at  the  bafe  and  height,  are 7    ^  o.  o 
each  J  a  inches,  being  i  its  circumfcribing  cylinder,  contains     -  ^    ^    ^^ 

9.  A  -^/erAo/fV/f  Cono/V,  whofe  height,  and  diameter  at  the bafc,  are?      , 
eacli  12  inchc-,  is  ^^^  of  its  circumfcribing  cyHnder,  and  contahis     \  3"5*49 

10.  K  Parabolkh  ^pjndlc^  whofe  height  and  middle   diameter  are  7        ^o 
each  12  inches,  IS  ^^-^  of  its  circumfcribing  cylinder,  and  contains     ^  "^^ 

Hence  arifes  a  different  method  of  finding  their  contents. 

General  Rule.  If  the  bafe  of  the  folid,  whofe  contents  you  would  find,  Ijc  rcc^ 
tilinear,  confidcr  it  as  Barailelopipedon  ,-  if  curved  as  a  Cylinder,  and  find  the  con- 
tent accordingly  :  then  take  fuch  a  part  of  the  content,  thus  found,  as  is  fpeci- 
fied  in  the  preceding  Tabic,  which  if  the  parts  be  taken  in  inches,  will  he  the 
folid  content  of  the  given  figure,  in  inches,  vvhir;h,  divided  by  17 28,  will  give  the 
cubick  feet. 

ExAMP.  I.  Tlicre  is  a  triangular  prifm,  the  fide  of  whofe  bafe  1548  inches,  and 
whofe  perpendicular  height  is  108  inches  :  what  is  its  folid  content  ? 

The  bafe  being  right  lined,  I  confider  it  as  a  parallelopipedon,  the  fide  of  whofe 
bafe  is  48  inches,  and  whofe  length  is  icS  inches,  and  as  784*24  is  contained 
^•2034(^12  times  in  a  cubick  foot ;  2*20340712  is  a  divifor,  to  divide  the  con- 
tent of  the  parallclopipedon  by  ;  therefore  48 X48 X  io8-f-2  203407  1 2= r  12930*56 
folid  inche«  =  65353  folid  feet. 

Had  the  dimenfions  been  g»t^en  in  feet,  it  would  have  been  4  X4  X 9-7-2-203 407 1  z 
==(>5-353  feet. 

ExAMP.  a.  There  is  a  fquare  pyramid,  whofe  height  is  12  feet,  and  the  fide  of 
whofe  bafe  is  ss  feet ;  what  is  its  content  ? 

5-5X3'5Xia-f-3=49feet,  Ans. 

ExAMT.  3.  There  is  a  triangular  pyramid,  whofe  height  is  15  feet,  and  the  fide 
ef  whofe  bafe  is  5  feet  :  what  is  its  content  ? 

5X5Xrj~7=53*57feet,  Ans. 

ExAMP,  4.  There  is  a  cylinder  whofe  diameter  is  2*5  feet,  and  whofe  length  is 
a4  feet ;  what  is  its  content  ? 

Here,  the  diameter  is  to  be  confidered  as  the  fide  of  the  bafe  of  a  parallelo- 
pipedon.     Therefore,  2*5X2'5X24Xii-f-i4—t  17-857  feet,  Ans. 

ExAMP  5.  TIrere  is  a  fpherical  balloon,  whofe  diameter  is  50  feet ;  how  many 
cubick  ftet  of  air  does  it  contain? 

Here,  the  diameter  is  to  be  confidered  as  the  fide  of  a  cube.     Therefore, 
50XjoXjoXii~»i=65476i9  feet,  Ans. 

ExAMP.  6.  There  is  a  cone,  whofe  height  is  15  feet,  and  the  diameter  of  whofe 
bafe  is  5  feet;  what  is  its  content  ? 

Here,  the  diameter  of  the  bafe  is  to  be  confidered  as  the  fide  of  the  bafei>f  a 
para'ielopipedon,  and  its  height,  as  ihe  length.     Therefore, 

JX5Xi5X5-M9=98-684  feet,  Ans. 

ExAMP.  7.  There  is  a  parabolick  conoid,  whofe  diameter  at  the  baCe  is  2*9 
feet,  and  whole  height  is  6  feet ;  what  is  the  content  ? 

This  folid  being  ^  of  a  cylinder  ;  we  muft  firft  find  the  content  as  of  that  of  a 
cylinder,  and  then  halve  it.     Therefore, 

2*9X2*9X6xii-M4=39*647.  and  39'647-r-a=»9'8a3.  Ans. 
ExAMP.  8.  There  is  a  hyperbolick  conoid,  whofe  diameter  at  the  bafe  is  Tl'9 
feet,  and  whofe  height  is  6  feet  ;  what  is  the  content  ? 

Firft,  find  the  content  of  a  cylinder, 
a-9Xa-9X6xix^i4-39'647.  and  39647 Xy^^=i6*5 19  feet,  Ans, 

E;xamp.  9.  There  is  a  parabolick  fpindle,  whofe  middle  diameter  ii  2*9  feet 
and  whofe  length  is  6  feet  ;  required  the  content  ? 

Firft,  find  the  content  of  a  cylinder. 
2-9X2  9X6X1 1-T-I4=59*647.  and  39  647X/3-=Si*i45  fec^  Ans. 
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Rule. — Multiply  the  side  by  itself  and  that  producJl  by  the  same 
side,  and  this  last  produ<Jt  will  be  the  solid  content  of  the  cube. 


ExAMP.  The  side  of  a  cube  AB,  being  18 
inches,  or  1  foot  and  6  inches,  to  fkid  the  con- 
rfent? 

1  fcft  6  inches  =  1*5  foot.  18  inches. 

-  1-5  18  ' 


75 


2-25 
i'5 


144 
18 

324^ 
18 


1125 
225 


2592 
324 


3-375 

In  this  operation,  the 
ihches  are  changed  into 
the  decimal   parts  of  sl 

f«»t. 


1728)5832(3-375 
5184 

6480 
5184 


12960 
12096 


8640 
8640 

1  have  done  this  two  different  ways,  that  the  learner  may  see  they 
come  out  the  same.  The  content  in  inches  is  5832,  wliich  being  di- 
vided by  1728,  the  inches  in  a  solid  fool,  and  the  division  continued 
by  annexing  cyphers,  it  comes  out  the  same  as  the  decimal  operation. 

Note,  The  area  of  the  surface,  or  superficial  content  of  the  cube 
and  parallelopipedon  is  found  by  adding  the  areas  of  the  several  qua- 
drilateral figures  which  compose  them. 


Art.  29.  To  measure  a  Parallelopipedon, 

Definition.  A  parallelopipedon  is  a  solid  of  three  dimensions, 
length,  breadth  and  thickness  ;  as  a  piece  of  timber  exadtly  squared, 
whose  length  is  more  than  tlie  breadth  and  thickness.  The  ends 
are  called  bases,  which  are  equal. 

Rule. — Find  the  area  of  the  base,  then  multiply  tliat  by  the 
length,  and  it  will  give  the  solid  content. 

Ex  A  MP.  1.  Tlie  side  AB  is  1'75  foot,  and  the  lengtli  AD  9*5  feet, 
to  find  thei  solid  content  ? 

l-T.'js 


^16 
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1»75=1  foot,  9  inches. 
1-75 

875 
1225 
175 


3-0625  =  area  of  base. 
9-5 


153125 
275625 


20-09375  =.  solid  content. 


Q.y 


Exam  p.  2,  A  vessel  3-5  feet  each 
side  within,  and  5  feet  deep,  to  find 
the  content  \ 

3-5 

3-5 

175 
105 


12-25 
5 


61-25  =the  content. 

If  a  piece  of  timber,  or  any  other  thing,  be  of  an  equal  bigness 
through  its  whole  length,  though  there  be  a  difference  between  the 
breadth  and  thickness,  if  the  breadth  and  thickness  are  multiplied 
together,  and  that  product  multiplied  by  the  length,  ^his  last  produft 
will  be  the  solid  content.  ' 

ExAMP.  3.  A  piece  of  timber  being  I  foot  and  6  inches,  or  IS 
inches  broad,  9  Inches  thick,  and  9  feet  6  inches,  or  114  inches  long, 
to  find  the  content  ? 


1  foot,  6  inches  =  1-5  foot 
9  inches  =  -75  foot. 

75 
105 

M25 
9  feet  6  inches  =   9*5 


Breadth  =  18  inches. 
Depth    =    9  in(  hes. 

162 
Length  =  114<  inches. 

648 
162 
162 


10125 

10-6875  =  content. 

In  this  operation  the  inches 
are  changed  into  the  decimarl 
fra^ions  of  a  foot. 


1728)18468(10-6875  =    con- 
1728         tent,  as  before. 


11880 
10368 

15120 

13824 


12960 
12096 
8640 
S640 


Note, 
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Note,  When  the  end  Is  given  in  inches  and  the  length  in  feet,  find 
the  area  at  ihe  end  in  inches,  multiply  that  by  the  length  in  feet,  and 
divide  this  produd  by  144  (the  square  inches  in  a  foot)  and  the  quo- 
tient will  be  the  feet. 

By  the  Sliding  Rule. 
Set  12  inches  on  the  girt  line  D 
to  the  side  of  the  square  end  on  C, 
then,  against  the  length  on  D,  you 
will  have  the  answer  on  C. 


ake  the  last  example. 
Foot. 

1-5   =«  18  inches. 
•75  =    9  inches. 

162  area  in  inches 
9-5  feet  ==  length. 

810 
1458 

By  Giinter, 
ExteT^d  the  compasses  from   12 
inches  to  the  lengtli  of  the  side  of 
the    square    end  j    that    distance, 

twice  turned  over  from  the  length, 

144)  1539(  10-6875  =  content,   w^ill  reach  to  the  e«ntemt. 
144 

990 
864 

1260 
1152 

1080 
1008 

720 
720 

When  the  side  of  a  square  solid  is  given,  in  inches,  tp  find  ho>^ 
much  in  length  will  make  a  foot  solid. 

Rule. — As  the  given  side  is  to  12,  so  is  12  to  a  fourth  number, 
and  so  is  that  fourth  number  to  its  required  length.  Or  divide  1728 
by  the  area  at  the  end,  and  the  quotient  will  be  the  length  making  a 
solid  foot. 

If  the  given  side  is  in  foot  measure,  then, 

Rule. — As  the  given  side  is  to  1  ;  so  is  1  to  a  fourth  number,  an,d 
^o  is  that  fourth  number  to  the  required  length. 

When  two  sides  of  an  equal  square  solid  (that  is,  of  unequal 
breadth)  arc  given,  to  find  what  length  will  make  any  number  of 
solid  feet. 

Rule. — Multiply  the  proposed  number  of  feet  by  114  :  dividp 
that  produdl  by  the  p^odud  of  the  breadth  and  depth,  and  the  quo- 
tient will  be  the  length  required. 

9...E  Art. 
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Art.  .'50.  To  measure  a  Cylinder. 

Defnitlon.  A  cylinder  is  a  round  body,  whose  bases  are  circles, 
like  a  round  column,  or  a  rolling  stone  of  a  garden. 

Rule. — The  diameter  of  the  base  being  given,  find  the  area  of  the 
end  by  Art.  15,  then,  multiplying  tlie  area  of  the  base  by  the  length, 
that  produ(5t  will  be  the  content  of  the  cylinder. 

Exam  p.    The  diameter  of  ^, 

the   base  AC   being   1    foot  .  r^^^ 

and  9  inches,  and  the  length  ^}'  :f     1^^ 

BD  12  fbet  and  6  inches,  to  SB^  ^    °'  ^^ 

find  tlie  content.  Wt^ 


ISA 

1-75  = 

:  diam. 

of  the  base. 

1-75 

2'405  =  area  of  the  base. 

875 

12-5=  length. 

1225 

12025 

175 

4810 



2405 

3*0625 

•7854 

30'0625=:  content. 

122500 

153125 

245000 

214375 

2-40528750  =  area  of  the  base.  * 

If  the  square  of  the  diameter  of  a  cylinder  be  multiplied  by  '7854, 
and  the  solidity  divided  by  that  produd,  the  quotient  will  be  the 
length. 

The  learner  may,  for  his  pra(aice,  reduce  all  the  dimensions  to 
inches,  and  find  the  solid  content  in  inches,  whicli  being  divided  by 
1728,  the  quotient  will  be  the  solid  content  in  feet :  or,  if  he  finds  the 
area  at  the  end  in  inches,  and  multiplies  that  by  the  length  in  feet,  and 
divides  by  144;  the  quotient  will  be  feet. 

This  is  a  general  rule  for  finding  tlie  content  of  any  straight  solid 
body,  of  equal  bigness  from  end  to  end,  of  whatever  form  the  bases 
are  :  for,  if  the  area  of  the  base  be  multiplied  by  the  length,  the 
prodadl  will  be  the  solid  content. 

By  the  Sliding  Rule. 

Set  13  5,  the  square  root  of  183 '34  (which  is  a  gauge  point  aris- 
ing from  the  division  of  144  by  '7854)  found  on  D,  to  the  diameter 
found  on  C,  and  opposite  t»  the  length,  on  D,  you  will  find  the  con- 
tent on  C. 

(V. 
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Or,  as  42*54  is  to  the  circumference  ;  so  is  the  lerigth  in  feet  to  a 
fourth  number,  and  so  is  that  fourth  number  to  the  answer. 

Noie.  The  superficial  content  of  a  cylinder  is  found  by  multiplying 
the  circumference  of  one  of  the  bases  into  the  length,  and  to  the  pro- 
duft  adding  the  areas  of  the  two  bases,  or  ends. 

When  the  diameter  is  given  in  inches,  to  find  what  length  will 
make  a  solid  foot. 

Rule. — As  the  given  diameter  is  to  IS'.'JSl  :  so  is  12  to  a  fourth 
number,  and  so  is  that  fourth  i.umber  to  the  required  length.  If  the 
diameter  be  given  in  foot  measure  :  Rukj  as  the  given  diameter  is  to 
1*128  :  so  is  1  to  a  fourth  number,  and  so  is  tliat  fourth  number  to 
the  required  length.  Or,  divide  1728  by  the  area  at  the  end  in  inch- 
es, and  the  quotient  will  be  the  required  length. 

To  find  hoiu  much  a  Cylindrick  or  round  Tree^  that  Is  equally  thick  from  end 
to  end,  will  hew  to,  ivhm  made  square. 

Rule. — Multiply  twice  the  square  of  its  semidiameter  by  the 
length,  then  divide  the  produd  by  1 44,  and  the  quotient  will  be  the 
answer. 

If  the  diameter  of  a  round  stick  of  timber  be  24-  inches  from  end 
to  end,  and  its  length  20  feet :  how  many  solid  feet  will  It  contain, 
when  hewn  square  ;  and  what  will  be  the  content  of  the  slabs  whlcji 
reduce  it  to  a  square  ? 

I 2X1 2X2X20 

=  40  feet,  the  solidity  when  hewn  square. 

144 
^4X24X-7854X20 

=  62-8  feet,  or  2X2X-7854X20  =  62-8  the  total 

144 
solidity,  whence  G2-8 — 40  =  22-8  feet,  the  solidity  of  the  slabs. 

Art.  31.  To  measure  a  Prism, 

Definition.  A  prism  is  a  body  with  two  equal  or  parallel  ends,  either 
square,  triangular,  or  polygonal,  and  three  or  more  sides,  which 
meet  in  parallel  lines,  running  from  tlie  several  angles  at  one  end,  to 
those  of  the  other. 

Rule. — Prisms  of  all  kinds,  whether  square,  trianguly  or  poly- 
gonal, are  measured  by  one  general  rule,  viz.  Find  the  superficial 
content,  or  area  a^  the  base  (or  end)  by  the  proper  rule  of  Scd.  1. 
and  this  multiplied  by  the  lon^Mh,  or  height  of  llie  prism,  will  give 
the  solid  content. 

E  V  A  M  ?^ 
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Exam  p.  The  side  of  a  stick  of  timber,  AB,  hewn 
three  square,  is  10  inches,  and  the  length,  AC,  is  12 
feet,  to  find  the  content  ? 

Side  =     1 0  inches. 

I  Perpendicular  =  4-33  inches. 


43'3  =  area  at  the  end. 
12  feet  =  length. 

i44)519-6( 3-6  feet,  content. 
432 


876 
864 


..S^. 


:!^M 


ji^ 


12 

Note.  The  superficial  content  is  found  by  adding  the  areas  of  the 
several  quadrilateral  and  triangular  figures  which  compose  it. 

Art.  32.  To  measure  a  Pyramid, 

Definition.  Solids,  which  deciease  gradually  from  the  base  till 
they  come  to  a  point,  are  generally  called  pyramids,  and  are  of  dif- 
ferent kinds,  according  to  the  figure  of  their  bases  ;  thus,  if  it  has  a 
square  base,  it  is  called  a  square  pyramid :  if  a  triangular  base,  a  trU 
angular  pyramid  :  If  the  base  be  a  circle,  a  circular  pyramid^  or  simply 
a  cone.  The  point,  in  which  the  top  of  a  pyramid  ends,  is  called  a 
Vertex^  and  a  line  drawn  from  the  vertex,  perpendicular  to  the  base^ 
is  called  the  height  of  the  pyramid. 

Rule — Find  the  area  of  the  base,  whether  triangular,  square,  po- 
lygonal or  circular,  by  the  rules  in  superficial  measure  :  then,  multi- 
ply this  area  by  one  third  of  the  height,  and  the  produ<5l:  will  be 
the  solid  content  of  the  pyramid. 

ExAMP.  1.  In  a  triangular   pyramid,   the  height 
BE,  being  48,  and  each  side  of  the  base    13  :  the 
base  being   a  triangle,  let  the  perpendicular  height 
DE  be  11  ;  to  find  the  content. 
5-5=  half  ED. 
13  =  base  AC. 

165 
55 

7 1  '5  =  area  of  the  base. 
16  =  1  of  the  height  EB. 

4290 
TI5 

J 1 44*0  =  content 
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ExAMP.  2.  In  a  quadrangular  pyramid,  the  height 
BE  being  48,  and  each  side  of  the  base  13,  to  find 
the  content. 

13 

13 


39 
13 


169  =  area  of  the  base. 
16  =  4^  of  the  height  EB. 


1014 
169 


2704  =  content. 


ExAMP.  3.  To  measure  a  Cone, — The  diameter 
AC  being  13,  and  the  height  BD  48,  to  find  the 
content. 

13 

13 


39 
13 


169 
'7854 

676 


845 
1352 
1183 

132*7326  =  area  of  the  base. 
1 6  =  -^  of  the  height. 

7963956 
1327326 

2123-7216  =  content. 


Note.  The  superficial  content  of  all  pyramids  is  found  by  taking 
the  sum  of  the  several  areas,  which  compose  them.  That  of  a 
cone,  by  multiplying  the  circumference  of  the  base  into  half  the  line 
jfUning  the  vertex  and  any  point  in  that  circumference,  and  adding 
\he  area  of  the  base  to  the  produ^. 

Art, 
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Art.  3f).   To  measure  the  Frustum  of  a  Pyramid. 

Definition.  The  frustum  of  a  pyramid  is  what  remains  after  the 
top  is  cut  off  by  a  plane  parallel  to  the  base,  and  is  in  the  form  of  a 
log  greater  at  one  end  than  the  other,  whether  round,  or  hewn  three 
or  four  square,  &c. 

Rule.— If  It  be  the  frustum  of  a  square  pyramid,  multiply  the 
side  of  the  greater  base  by  the  side  of  the  less  ;  to  this  produft  add 
one  third  of  tlie  square  of  the  difference  of  the  sides,  and  the  sum  will 
be  the  mean  area  between  the  bases ;  but  if  the  base  be  any  other 
Tegular  figure,  multiply  this  j-wm  by  the  proper  multiplier  of  its  fig- 
ure in  the  I'able,  Art.  1 1,  and  the  produd  will  be  the  mean  area  be- 
tween the  bases  ;  lastly,  multiply  tliis  by  the  height,  and  it  will  give 
the  height  of  the  frustum. 

Exam  p.  J.  In  the  frustum  of  a  square  pyTamid  the 
side  of  the  greater  base  AD  =  15,  the  side  of  the 
less,  BC  =  6,  and  the  height  EF  —  40,  to  find  the 
content. 

15 
6 

9  =  difference. 
9 
—  K\ 

3)81  =  square  of  the  difference.         "^^ 

D 
— —  27  =  4^  of  the  square. 

1680  =  content. 

Or,  if  it  be  a  tapering  square  stick  of  timber,  take  the  girth  of  it 
in  the  middle  ;  square  \  of  the  girth  (or  multiply  it  by  itself  in  inch- 
es) then  say,  as  HI-  (inches)  to  that  produdl ;  so  is  the  length,  taken 
in  feet,  to  the  content  in  feet. 

ExAMP.  2.  What  is  the  content  of  a  tapering  square  stick  of  tim- 
ber, whose  side  of  the  largest  end  is  12  inches,  of  the  least  end,  8, 
and  whose  length  is  thirty  feet. 

One  fourth  of  the  girth  in  the  middle  =  10,  and  10x10=  100,  the 
area  in  the  middle  ;  then,  as  144  ;  100  ::  30  feet  :  20-83  feet  the 
content. 

By  the  Sliding  Rule. 

Set  12  on  D  to  ^  of  the  circumference  on  C,  and  against  the 
length  on  D  is  the  answer  on  C.    . 

By  Gunter.  ^ 

The  extent  from  1 2  to  ;|  of  the  circumference  doubled,  or  twice 
turned  over,  will  reach  from  the  length  to  the  content. 

ExAMP. 


15  = 

=  AD. 

6  = 

=  BC. 

Prod 

.  =  90 

Add 

27 

117 
X    40 

4680  = 

content. 
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ExAMP.  3.  In  the  frustum  of  a  triangular  pyramid,  -p 

the  side  of  the  greater  base  AC  =15,  as  before,  the  2  fj^p 

side  of  tlie  less  BD  --=  6,  and  the  height  EF  =  40,  fo  |  |^ 

find  the  content.  j    v'l 

15  =  AC.                                       lo  \$Mi 

G  =  BD.                                       6  j^l-\ 

9  =  difference  of  the  sides.  90  /  J ,~  \;  ^ 

9  Add  27  ^^""^^ 

3)81  =  square  of  the  difference.     117 

_  -433  multiplier. 

27  =  -g-  of  fhe  square.  

351 
351 
468 

50*65 1  =  mean  areu- 
40  =  licight. 


2026-440  =  content. 

Or,  if  it  be  a  tapering  three  square  stick  of  timber,  you  may  find 
the  area  midway  from  end  to  end,  then,  as  144  is  to  that  area,  so  is 
the  length,  taken  in  feet,  to  the  content  in  feet. 

Exam  p.  4.  To  measure  the  Frustum  of  a  Cone. 

Rule. — Multiply  the  diameters  of  the  two  bases  together,  and  t© 
the  produ<5l  add  one  third  of  the  square  of  the  difference  of  the  di- 
ameters :  then  multiplying  this  sum  by  -7354,  it  will  be  the  mean 
area  between  the  two  bases,  which  being  multiplied  by  the  length  of 
the  frustum,  will  give  the  solid  content. 

Or,  to  the  areas  of  the  top  and  bottom  add  the  square  root  of  the 
produ<5t  of  those  areas,  and  the  sum,  multiplied  by  me  ik'ird  of  the 
height  of  the  frustum,  will  give  the  solidity. 

When  figures  run  uniformly  taper  ;  but  not  to  a  point  (they  being 
considered  as  portions  of  the  cone  or  pyramid)  we  may  find  the  sol- 
idity by  sujiplying  what  is  wanting  to  complete  the  figure,  and  the* 
deducing  the  part  cut  ofF. 


j4  general  rulefqr  comploilng  e'Very  straight  sitie/i  i/tiy,  ivhose  etuis  ate  parol- 
y  anil  similar. 

As  the  difference  of  the  top  and  bottom  diameters  is  to  the  per- 
pendicular height,  (or  depth  which  is  tlie  Siinie  :)  so  is  the  longest 
iiaraeter  to  the  altitude  of  the  whole  cone  or  pyrani'.'. 
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The  former  cone  in  Art.  32,  Examp.  3,  being  cut  ofF  in  the  mid- 
dle, the  greater  diameter  AC  is  13,  the  less  BD  6|,  and  height  EF 
21-,  to  find  the  content  of  the  frustum. 


AC=  13  inches. 
BD  =  6-5  inches. 

63 


84-5 
Add  14.'083 

98-583 
•7854 

394332 
492915 

788664 
690081 


13 
6  5 

6'5  =  difference. 
6-5 


325- 
390 

14-083  =  4-  of  the  square. 

144)1858-248(12-9045  feet,  content. 
144 


7-42710882  =  mean  area. 
24  feet  ~  length. 


309708 

154854 


418 
288 

1302 
1296 


1858-248  =  content. 


648 

576 

720 
720 


Art.  34.  To  measure  a  Sphere  or  Globt 


Definition.  A  sphere  or  globe  is  a  round  solid  body,  in  the  mid- 
dle of  which  is  a  point,  from  which  all  lines  dravv^n  to  the  surface 
are  equal. 

Rule.— Multiply  the  cube  of  the  diameter  by  -5236,  and  the  pro- 
du(5t  will  be  the  solid  content. 

Or,  multiply  the  circumference  by  tlie  diameter,  which  will  give 
the  superficial  content ;  then  multiply  the  surface  by  one  sixth  of  the 
diameter,  and  it  will  give  the  solidity. 

Or,  mAiltlply  the  cube  of  the  diameter  by  1 1,  and  the  produd  di- 
vided by  21,  will  give  the  solidity. 

Exam  p.  The  diameter,  AB,  of  a  globe.  Is  4-5  feet;  to  find  the 
solid  content. 

4-5 
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4.-5 
4-5 


225 
180 

20-25 

4-5 

10125 
8100 

91-125 

•5236 

546750 
273375 
182250 
455625 


47-7130500 

Note.  If  the  circumference,  or  greatest  circle  of  the  sphere,  be  giv^ 
eai,  multiply  the  cube  of  it  by  -016S87  for  the  content. 

The  surface  of  the  globe  may  be  found  by  multiplying  the  square 
•f  the  diameter  by  3- 141 6;  or  by  multiplying  the  area  of  its  great- 
est circle  by  1,  or  the  square  of  the  circumference  by  '3183. 

,  When  the  solidity  of  a  globe  is  given,  the  diameter  may  be  found 
by  dividing  the  solidity  by  -5236,  and  extrading  the  cube  root  of  the 
quotient. 

Or,    if   the   circumference   be   required,   divide  the   solidity   by 
"016887,  and  the  cube  root  of  the  quotient  will  give  it. 
Art.  35.  To  measure  the  Solidity  of  a  Frustum  or  Segment  of  a  Globe. 

Definition.  The  frustrum  of  a  globe  is  any  part  cut  off  by  a  plane. 

Rule. — To  t^ree  times  the  square  of  the  semidiameter  of  the 
base,  add  the  square  of  the  height ;  then  multiplying  that  sum  by  the 
keight,  and  the  prodnd:  by  "5236,  you  will  have  the  solid  content. 

ExAMF.  The  height  BD  being  9  inches,  and  the  diameter  of  the 
Vase  AC  24  inches :   to  find  the  content. 

12  =  semidiameter.  4617  j> 

12  -5236 


144  =  square. 
X     3 

432 


27702 
13851    ^ 
9234 
23085 


Add  9X9=81=  |^;}"f,V^ 

_      Ithehht.         o4,i7.4.fiio 


513 
X     9  =  height. 


2417-4612  =  soHd  content'. 


4617 


3^:.F 


T# 
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To  measure  the  Surface  of  a  Frustum  or  Segment  of  a  Globe. 
Rule. — Find  the  diameter  of  the  globe  by  Art.  24,  and  the  sur- 
face of  the  whole  glojbe,  by  Art.  34  ;  tlien,  as  the  diameter  of  the 
globe  is  to  the  height  of  the  frustum  ;  so  is  the  surface  of  the  globe 
U)  the  surface  of  the  frustum  ;  then,  by  Art^  15,  find  the  area  of  the 
base  ;  add  these  two  together,  and  the  sum  will  be  the  whole  surface 
of  the  frustum. 

Art.  36.  To  measure' the  middle  Zone  of  a  Globe. 

Dtjinltion.  This  part  of  a  globe  is  somewhat  like  a  cask,  two  equal 
segments  being  wanting,  one  on  each  side  of  the  axis. 

Rule. — To  twice  the  square  of  the  middle  diameter,  add  the 
square  of  th^  end  diameter  ;  multiply  that  sum  by  '7854,  and  that  pro- 
duct, multiplied  by  one  third  oi  the  length,  will  give  the  solidity. 

Or,  To  four  times  the  square  of  the  middle  diameter  add  twice 
the  square  of  the  end  diameter  ;  that  sum  multiplied  by  '7854,  and 
that  produ<S-by  one  sixth  of  the  length,  will  give  the  solidity. 

Note.  This  rule  is  applicable  to  the  frustrum  of  a  cone  or  pyr- 
amid. 

If  the  middle  diameter  of  a  zone  be  20  inches,  the  end  diameters 
each  16  inches,  and  length  12  inches  :   Required  its  solidity  ? 

20x20x2-1- i 6x  1 6X-7854X4  =  3317*5296  Ans. 

Art.  37.  To  measure  a  Spheroid. 

Definition.  A  spheroid  is  a  solid  body  like  an  e^^-,  only  both  its  ends 
are  the  same.' 

Rule.— Multiply  the  square   of  the 
diameter  of  the  greatest  circle,   viz.  the 
diameter  of  the  middle   (DB  in  the  fig- 
ure) by  the  length  AC,  and  that  produd  , . 
by  "5236,  ar.d  you  will  have  the  solidity.  •^ 

Exam  p.  The  diameter  BD  being  20, 
and  the  length  AC  30,  to  find  the 
content. 

20x20x30X-5236  =  6283-2  Ans. 

Art.  38.  To  measure  the  middle  Frustum  of  the  Spheroid. 

Definition.  This  is  a  cask  like  solid,  wanting  two  equal  segments 
to  complete  the  spheroid. 

Rule. — The  same  as  in  Article  36. 

If  the  middle  and  end  diameters  of  the  middle  frustum  of  a  sphe- 
roid be  40  and  30  inches,  and  its  length  50  ;  what  is  its  solidity  ? 

50^3=16-6,  then  4ax40x2-l-30X30x-7854xl6'6=e53454-324  Ans. 

Art.  39.  To  measure  a  Segment y  or  Frustum ^  of  a  Spheroid. 
Definition.  This  is  a  part  of  a  spheroid  made  by  a  plane,  parallel  t© 
its  greatest  circular  diameter. 

Rule. — To  four  times  the  square  of  the  middle  diameter  add  the 
square  of  the  base  diameter,  then   multiply  that  sum  by  '7854,  and 
the  piodu<^  by  one  sixth  of  the  altitude,  and  it  will  give  the  solidity, 
^  If 
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If  the  base  diameter  of  the  end  frustrum  of  a  spheroid  be  36",  di- 
ameter at  the  middle  of  the  height  5iO,  and  die  height  20  inches : 
Required  its  solidity  ? 

30x30x4+36x36x-7854x3-3=l2689-55+,   Ans. 

Art.  40.  To  measure  a  FarahoVich  Conoid. 

Dejinttton.  This  solid  may  be  generated  by  turning  a  semiparabo* 
la  about  its  abscissa  or  altitude. 

-  Rule. — As  a  parabolick  conoid  Is  half  of  its  circumscribing  cyl- 
inder, of  the  same  base  and  altitude  ;  multiply  the  area  of  the  base 
by  half  the  height  for  the  solidity. 

,  If  the  diameter  of  the  base  of  a  parabolick  conoid  be  40  inche?, 
and  its  height  42  ;  what  is  the  solidity  ? 

40x4()X'7854x21=26389-44  Ans. 

Art.  41.  To  measure  the  lower  Frustum  cf  a  Parabolick  Conoid. 

Dejinition.  This  solid  is  made  by  a  plane  passing  through  the  co- 
noid^  parallel  to  its  base. 

Rule. — Multiply  the  sum  of  the  squares  of  the  diameters  of  the 
bases  by  '7854,  and  that  produdt  by  half  the  height,  for  the  solidity. 

If  the  diameters  of  a  frustum  of  a  parabolick  conoid  be  40  and 
30  inches,  and  its  height  20  inches  ;  required  its  solidity. 

40x4(H-3(JX3OX-7854xlO=19635,  Ans. 

Art.  42.  To  measure  a  Parabolick  Spindle. 

Definition.  This  solid  is  formed  by  an  obtuse  parabola,  turned  a- 
bout  its  greatest  ordinate. 

Rule. — This  solid  being  eight  fifteenths  of  its  least  circumscribing 
cylinder,  multiply  the  area  of  its  middle  or  greatest  diameter  by  eight 
fifteenths  of  its  perpendicular  length,  and  it  will  give  its  solidity. 

If  the  diameter  at  the  middle  of  a  parabolick  spindle  be  20  inches, 
and  its  length  60  ;  required  its  solidity. 

20x2OX-78.34x32  (=60x8^15)  =100:->3- 12  Ans. 

Art.  43.  To  measure  the  middle  Zone^  or  middle  Frustum,  of  a  Parabolick 

Spindle, 

Definition.  This  is  ;i  cusL  like  solid,  wanting  two  equal  ends  of 
said  spindle. 

Rule. — To  the  sum  and  half  sum  of  the  squares  of  the  two  diam- 
eters add  three  tentlis  of  the  difference  of  their  squares,  wlilch  mul- 
tiply by  a  third  of  the  length,  and  the  produd  will  be  the  solidi-ty. 

If  the  middle  and  end  diameters  of  tlie  middle  frustum  of  a  par- 
abolick spindle  be  40  and  30  inches,  and  its  length  60  ;  what  is  its 
riolldity? 

40X40  =  1 600     1600—900  =  700  tlie  dlillMence  of  tlic  scjuarcs. 
S0x30  =    900         700x3  =  210  =  three  tenths  of  do.  then, 

Sum  =  2500       2500-}-12504-2I0x20  (=^  of  60)=79200  Ans. 
H|lf  sum  =12.50 

A'Ai. 
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Art.  44.  To  measure  a  Cylinderoid,  or  Pr'tsmoid. 

Definition.  A  cylinderoid  is  a  solid  somewhat  like  the  frusturii  of 
a  cone,  one  base  may  be  an  ellipsis,  and  the  other  a  disproportional 
ellipsis  or  circle.  * 

A  prismoid  is  a  solid  somewhat  like  the  frustum  of  a  pyramid,  but 
its  bases  are  disproportional. 

Rule. — The  same  as  for  the  frustum  of  a  cone  or  pyramid  :  or, 
to  the  areas  of  both  bases,  add  a  mean  area,  that  is,  the  square  root 
of  tlie  produfl  of  the  two  bases,  then  multiply  that  sum  by  a  third  of 
the  height  or  length,  and  it  will  give  the  solidity. 

If  the  diameters  of  the  greater  base  of  a  cylinderoid  be  30  and  20 
inclies,  the  diameter  of  the  less  base  12,  and  length  60  inches  ;  what 
is  the  solidity. 

30X20  =  600    1 
12x12=144 


V^  144x600=293-9 


1037-9X-7854X20  (=60-^-3)= 
16303-33  Ans. 
1037-9^ 

If  the  diameters  of  the  greater  base  of  a  prismoid  be  30  and  2^ 
Inches,  the  less  base  20  by  10  inches,  and  length  30  inches  :  What  is 
its  solidity  ? 


30X20  =  600 
20x10  =  200 

^6~6()x20O=346-4 


1146»4X10  (=  304-3)=  11464  solidity 
in  inches. 


1146-4 

Art.  45.  To  measure  a  Solid  Ring. 

Rule. — Measure  the  internal  diameter  of  the  ring,  and  its  girth, 
or  circumference:  then  multiply  the  girth  by  -31831,  and  the  pro- 
dud  will  be  tlie  diameter  of  the  wire,  which  add  to  the  internal  di- 
ameter-; multiply  this  sum  by  3*  1416,  and  the  produd  will  be  the 
length  of  a  cylinder  equal  to  the  ring  of  the  same  base.  Then  the 
area  of  a  section  of  the  ring  multiplied  by  the  length  of  the  said  cyl- 
inder will  give  the  solidity  of  the  ring. 

If  an  iron  ring  be  12  inches  in  girth,  and  its  internal  diameter  be 

20  inches  ;  what  is  its  solidity  ?       

•3183lXl2=3-8=ring's  diameter.     20+3-8X3-14I6=74-77  the  length 
of  a  cylinder  equal  to  the  ring  :  And 

3-8x3-8X-7854x74-77=847-97=:solidity. 

Art.  46.  To  measure  the  Solidity  of  any  irregular  Body.,  'whose  dhnensiom 
cannot  he  taken. 
Take  any  regular  vessel,  either  square  or  round,  and  put  the  ir- 
regular body  into  it  :  pour  so  much  water  into  the  vessel  as  will  ex- 
adly  cover  the  body,  and  measure  the  dry  part  from  the  top  of  the 
vessel  to  the  water,  then  take  out  the  body,  and  measure  again  from  the 
top  of  the  vessel  to  the  water,  and  subtrad  the  fii  st  measure  from  the 
second,  and  the  difference  is  the  fall  of  the  water  :  then,  if  the  vessel  be 
square,  multiply  the  side  by  itself,  and  that  produdt  by  the  fall  of  the 
water,  and  you  will  have  the  content  of  the  body-;  but  if  it  be  a  long 
square,  multiply  the  length  by  the  breadth,  and  that  produd  by  the  fali 

of 
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©f  the  water  ;  or,  lastly,  if  it  be  a  round  vessel,  multiply  the  square  of 
the  diameter  by  •7854-,  and  that  produa^by  the  fall  of  tlie  water,  and 
you  will  liave  the  content. 

Exam.  1.  A  body 'j  Exam.  2.  A  body  f  Exam.  3.  A  body 
being  put  into  a  ves-  put  into  a  cistern  4  being  put  into  a  round 
sel  18  inches  square,  |  feet  by  3,  on  taking  tub,  whose  diameter 
on  taking  out  the  bo-  j  it  out,  the  water  ■  was  1-5  fool,  on  tak- 
dy,  the  water  sunk  9  !  lell  6  inches  ;  re-  |  ing  out  the  body,  tire 
inches;  required  the  }>  quired    the     content  <j  water  fell    1*5  foot; 


content  of  the  body  ? 
18  inch.  =  1-5  foot. 
9  inch.  =  -75  foot. 
1-5  X    1-5   X  -75  = 
l'G875  foot,  content.^ 


of  the  body  ? 
4X3X-5  =  6  feet,  con- 
content. 


what  was  the  content 
of  the  body  ? 
1-5  X  1-5  X  •7854x1-5 
=    2-65     feet,     con- 
tent. 


Of  the  Jive  Regular  Bodies. 

There  are  five  solids  contained  under  equal  regular  sides,  which  by 
way  of  distindion,   are  called  the  five  regular  bodies. 

i'hese  are  the  Tetraedron,  the  Hexaedron  or  Cuie^  the  OBaedron,  the 
Dodecaedrotiy  and  the  Eicosiedron.  The  measuring  of  the  cube  was 
shewn  at  Art.  2tS.  I  shall  now  show  how  to  measure  the  other  four 
by  the  following  Table,  which  is  the  shortest  method. 

A  Table  of  the  solid  and  superf/ml  content  of  each  of  the  Jive  bodies  j  the  sides 
being  unity ,  or  I, 


Names  of  the  Bodies. 

Solidity. 

Superficies. 

Tetraedron. 

0-11785 

1-73205 

Hexaedron. 

1- 

6^ 

Odaedron. 

0-4.71 4. 

3-464. 

Eicosiedron. 

2181695" 

8-66025        I 

Dodecaedron. 

7-663119 

20-6457 

All  like  solid  bodies  being  in  proportion  to  one  another  as  the  cubes 
of  their  like  sides,  the  solid  content  of  any  pf  these  bodies  m«y  be 
found  by  multiplying  the  cubes  of  their  sides  by  the  numbers  in  the 
second  column  under  Solidity  ;  and  their  superficies,  by  multiplying 
the  squares  of  their  sides  into  the  numbers  in  the  third  column,  un- 
der Superficies. 

Of  the  Tetraedron. 

This  solid  is  contained  under  four  equal  and  equilateral  triangles, 
that  is,  it  is  a  triangular  pyramid  of  four  equal  faces,  the  side  of 
whose  base  is  equal  to  the  slant  height  of  the  pyramid,  from  the  an- 
gles to  the  vertex. 

Art.  47.  The  side  of  the  Tetraedron  being  3,  to  find  the  solid  and  supcrf.-lc 

content. 
Cube  =  3X3X3  =  27,  and  27X-1 1785=  3-18195  =  solidity. 
Square  =  3x3  =  9,  and  9x1-73205=  15-58815=  suporlicics. 

Of  THli  OCTAEDRON. 

Tliis  solid  is  contained  under  eight  equal  and  cqnlkiterul  t;;. 
whicli  may  be  conceived  to  consist  of  two  qu.'Klrangular  j\vraj  ; 

equal  bases  joined  together,  the  sides  of  wiiosc  bases  arecquai  u.  Um 
given  sides  of  the  triangles,  under  which  it  is  contained*         Art. 


4^30 
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Art.  48.  TJ^e  side  of  an  OBaedron  being  3,  to  fnd  the  solid  and  superficial 

content. 
Cube  =  3X3X3  =  27,'  and  27x-i714.  =  12-7278  =  solidity. 
Square  =  3x3  =  9,  and  9x3-464<=  3M76  =  superficies. 

Of  the  Dodecaedron. 
This  solid  is  contained  under  12  equilateral  pentagons,  and  may 
be  conceived   to   consist  of  twelve  pentagonal  pyramids,   of  equal 
bases  and  altitude,  whose  vertices  meet  in  the  centre  of  the  dodeca- 
edron. 

Art.  49.  The  side  of  a  Dodecaedron  being  3;  to  find  the  solid  and  superficial 

content. 
Cube  =  3X3X3  =  27,  and  27x7-6631 19  =  206-904. 
Square  =  3X3  =  9,  and  9x20-6457  ==  185-811 3. 

Or   THE   ElCOSIEDRON. 

This  solid  is  contained  under  twenty  equal  and  equilateral  trian- 
gles,  and  may  be  conceived  to  consist  of  twenty  equal  triangular  py- 
ramids, whose  vertices  all  meet  in  the  centre. 

Art.  50.  The  side  of  en  Eicosiedron  being  3,  to  find  the  solid  and  superjicia! 

content. 

Cube  =  3X3X3  =  27,  and  27x2-18169  =  58-90563  =  solidity. 

Square  =  3x3  =  9,  and  9x8-66025  =  77-91225  =  superficies. 

As  the  figures  of  some  of  these  bodies  would  give  but  a  confused 
idea  of  them,  I  have  omitted  them  ;  but  the  following  figures,  cut 
out  in  pasteboard,  and  the  lines  cut  half  through,  will  fold  up  into 
the  several  bodies. 


TetrOidron. 


ilexaedron. 


OBaedron. 


Dodecaedron. 


Orj.^1 


Eicosiedron. 


Or  Cask  Gauging. 

Among  the  many  different  canons  drawn  from  Stereometry,  for 
Gauging  casisy  the  following  is  as  exadl:  as  any, 

Take  the  dimensions  of  the  cask  in  inches,  viz.  the  diameter  at  the 
bung  and  head,  and  length  of  the  cask  ;  subtrad  the  head  diameter 
from  the  bong  diameter,  and  note  the  difference.  If 
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If  the  staves  of  the  cask  be  much  curved  or  bulging  between  the 
hung  and  the  heady  multiply  the  difference  by  -7  ;  if  not  quite  so  curve, 
by  '65  ;  if  they  bulge  yet  less,  by  '6  ;  and  if  they  are  almost  or  quite 
straight,  by  '55,  and  add  the  product  to  the  head  diameter  ;  the  sum 
will  be  a  mean  diameter,  by  which  the  cask  is  reduced  to  a  cylinder. 

Square  the  mean  diameter,  thus  found,  then  multiply  it  by'  the 
length  J  divide  the  produd  by  359  for  ale  or  beer  gallons,  and  by  294« 
for  wine  gallons. 

Note  1.  The  length  is  most  conveniently  taken  by  callipers,  allow- 
ing, for  the  thickness  of  both  heads,  1  inch,  H  inch,  or  2  inches,  ac- 
cording to  the  size  of  the  cask  ;  but  if  you  have  no  callipers,  do  thus  ; 
measure  the  length  of  the  stave,  then  take  the  depth  of  the  chimes, 
which,  with  the  thickness  of  the  head,  being  subtradted  from  the 
length  of  the  stave,  leaves  the  length  within. 

Note  2.  You  must  take  the  head  diameter,  close  to  its  outside,  and, 
for  small  casks,  add  three  tenths  of  an  inch  ;  for  casks  of  30,  40,  or 
50  gallons,  4  tenths,  and  for  larger  casks,  5  or  6  tenths,  and  the  sum 
will  be  very  nearly  the  head  diameter  within.  In  talking  the  bung 
diameter,  observe,  by  moving  the  rod  backward  and  forward,  wheth- 
er the  stave,  opposite  the  bung,  be  thicker  or  thinner  thaa  the  rest^ 
and  if  it  be,  make  allowance  accordingly. 

By  the  Sliding  Rtde. 
On  D  is  18*94,  the  gauge  point  for  ale  or  beer  gallons,  marked 
AG,  and  17*i4,  the  gauge  point  for  wine  gallons,  marked  WG  : 
set  the  gauge  point  to  the  length  pf  the  cask  on  C,  and  against  the 
mean  diameter,  on  D,  you  will  have  "the  answer  in  ale  or  wine  gal- 
lons accordingly  as  which  gauge  point  you  make  use  of. 

By  the  Scale. 
Take  the  extent  from  the  gauge  point  to  the  mean  diameter,  set 
one  foot  of  the  dividers  in  the  length,  and  turning  them  twice  over, 
they  will  point  out  the  content. 

Art.  51.  Required  the  content  in  ale  and  wine  gallons,  of  a  cask, 
whose  bung  diameter  is  35  inches,  head  diameter,  27  inches,  and 
length  45  inches  ? 

Bung  diameter  =  ?i5     Square  cf  the  diameter  =  1062*76 
Head  diameter  =  27  Length  ^  45 


DiiFerence         =    8  531380 

•7  423104 

5-6  359)47824-20(  133-21 

Add  the  head  dia.  =  27  [ale  gall. 


Mean  diameter  =  32-6 
32-(i 


:94)4782I-2(  162-66  wine  gall. 


195fj 
978 


oquared  1062'76  Art 
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Art.  5il  A  round  mash  tab  is  4*2 inches  diameter  at  the  top,  with- 
in, and  f36  inches  at  the  bottom,  and  the  perpendicular  height  48 
inches  ;  required  the  content  ii^  beer  and  wine  gallons  ? 

This  being  the  lower  frustum  of  a  cone,  to  the  produdl  of  the  di« 
amqfers  add  ■-  of  the  square  of  their  difference  ;  multiply  this  sum 
by  the  length,  and  it  will  give  the  solidity  in  such  parts  as  the  dimen- 
sions are  taken  in.  If  they  be  taken  in  inches,  divide  by  359  for  beer, 
and. 294^  for  wine  gallons. 

4.2x.%+!fl^t!lf!  X48-^.  j  ltl  =  f3  ^^"  ^^"^r* 
o  i  294  =  248|  wme  gallons. 

Art.  53.  Let  the  difference  of  diameters  of  this  tub  be  6  inches, 
the  height  48  inches,  and  the  content  203J  gallons,  to  find  the  diam- 
eters  ? 

Multiply  the  content,  if  beer  measure,  by  359;  if  wine  measure, 
by  294,  and  divide  the  produd  by  the  length  :  from  the  quotient  sub- 
tra<5l  I-  of  the  square  of  the  difference  of  the  diameters  ;  to  this  re- 
mainder gdd  the  square  of  f  the  difference  of  the  diameters,  and  ex- 
tract the  square  root  of  the  sum  ;  from  the  square  root  subtract  ~  the 
difference  of  the  diameters,  and  it  will  give  the  least  diameter  to 
great  exaflness,  to  which  add  the  difference  of  the  diameters,  and 
the  sum  is  die  greatest  diameter. 

>v/ +  3x3—3  =  36,  and  36+6^  42. 

48  3 

The  diameters  are  36  and  4'2. 

The  content  of  any  vessel,  in  gallons.  Sec.  may  be  thus  fourid  :" 
measure  the  inside  of  the  vessel^  according  to  the  rule  of  the  figure, 
and  find  the  content  in  cubic k  inches  ;  then, 

51728        -1  T  cubick  feet. 

2S2         /and  the  quotient  will  f  ale  or  beer  gallons 
231  (be  die  content  in        f  wine  gallon.^. 

2I50-425J 


J  bushels- 


'je 


Art.  54.  To  ullage  a  Cash^  lying  on  one  side,  hy  the  Gauging  RqcI,  when  ih 
Bung  Diameter^  and  the  C anient ^  one,  or  both  are  greater  or  less  than  the 
Table  on  the  Rod  is  made  for. 

Rule. — As  the  bung  diameter  of  the  cask  to  be  measured,  Is  to  iht 
bung  diameter  that  the  table  is  made  for  ;  so  are  the  dry  inches  of 
the  cask,  to  ^fourth  number,  which  find  in  the  table  on  the  rod,  and 
note  the  number  of  gallons  answering  to  it.  Then  as  the  content  of 
the  cask  that  the  table  is  made  for,  is  to  the  content  of  the  cask' to  be 
measured ;  so  is  the  number  of  gallons  answering  to  the  aforesaidyo?/rj'^ 
number,  to  the  number  of  gallons  your  cask  wants  of  being  full. 

Art.  55,  Tojind  a  Ship^s  Burthen,  or  to  Gauge  a  Ship. 

There  is  such  a  diversity  in  the  forms  of  ships,  that  no  genera:! 
lule  can  be  applied  to  answer  all  varieties ;  hpv^'ever,  the  following 
rules  are  prad:ised. 

Rule 
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Rule  1. — Multiply  the  breadth  at  the  main  beam,  half  the  breadth, 
and  length  together  ;  divide  the  product  by  94,  and  tlie  quotient  is 
the  tons. 

Rule  2. — Divide  the  continued  produft  of  the  length,  breadth 
and  depth,  in  feet,  by  100,  for  ships  of  war,  and  95  for  merchant  ships, 
in  which  nothing  is  allowed  for  guns,  &c.  and  the  quotient  is  the  tons. 

Rule  3. — Take  the  length  from  the  stern  post  to  the  upper  part  of 
the  stem  ;  subtrafl  two  thirds  of  her  breadth  from  that  length  :  mul- 
tiply the  remainder  by  the  whole  breadth,  and  that  produdt  by  half 
the  breadth,  in  feet,  and  divide  by  100  for  war,  and  94'  for  mer- 
chant tonnage. 

Rule  4.-  The  weight  of  a  ship's  burthen  is  half  the  weight  of 
water  she  can  hold. 

What  is  the  tonnage  of  a  ship,  whose  length  is  97  feet,  breadth- 
31  feet,  and  depth  15^  feet. 

By  Rule  ist.  By  Rule  2^. 

^-breadth  15-5  Length   97 

Breadth    31  .  Breadth  31 


i55 

465 

480-5 

Length       97 

..      33635 

43245 

94)46608-5(495-83  tons. 
376 

900 

846 

100)46608-5(466  t( 
400 

548 

660 

470 

600 

785 

608 

752 

600 

330 

85 

282 

48 

By  Rule  SJ. 

Subtraa  % 

Length  =  97 
of  breadth  =  20-66 

3007 
J)epth=15-5 

15035 
15035 
3007 


95)46608-5(490-61tQ|i5. 
380 


J9f> 


76-33 
Multiply  by  the  breadth        31 

3...G    "^ 


Carried  over. 


S633 
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7633 
22899 


2366-23 
Multiply  by  J  breadth        15-S 


1183115 
1183115 
236623 


94?)36676-565(  390- 1 76  tons. 

j^llowlng  the  Cuhit,  as  it  ts  found  by  modern  travellers y  to  he  ^3  inches ^  the 
content  of  Noah*s  Atji  is  as  folloivs^  viz* 
Cubits. 
Length  of  the  keel,  300  "J  Its  burthen  as  a  man  of  war 

Breadth  by  the  midship  beam     50  I      27729  tons. 
Depth  in  the  hold  30  J  As  a  merchant  ship,  29188*6  ts. 


QUESTIONS  IN  MENSURATION. 

1.  THE  largest  of  the  Egytian  pyramids  is  square  at  the  base,  and 
^neasures  693  feet  on  a  side  :  how  much  ground  does  it  cover  ? 

696x393  1764 

=  1764  poles,  and =  11  acres  and  4  poles,  Ans. 

272-25  160 

2.  What  difference  is  there  between  a  floor  20  feet  square,  and  two 
others  each  10  feet  square  ? 

20X20— 10X10+10X10=  200  feet,  Ans. 

3.  There  is  a  square  of  2500  yards  in  area  :  what  is  each  side  of 
the  square,  and  the  breadth  of  a  walk  along  one  side  and  one  en4* 
which  may  take  up  just  one  half  of  the  square  ? 

V^2500=  50  yards,  each  side.     V' ^^  =  35-35,    and    50— 

,35-35=  14-65  yards,  breadth  of  the  walk,  Ans. 

4.  A  pine  plank  is  16  feet  and  5  inches  long,  and  I  would  have 
just  a  square  yard  slit  off:  at  what  distance  from  the  edge  must  the 
line  be  drawa  ? 

A  square  yard  =  1296  inches,  and  16  feet  5  inches  =  197  inches. 
1296 

Therefore,  =  ^tst  inches,  Ans. 

197 

5.  If  the  area  of  a  tr'angle  be  900  yards,  and  the  perpendicular 
40  yards :  required  the  length  of  the  base  ? 

900x2 

=:  45  yards,  Ans. 

40 

6.  If 


QUESTIONS  IN  MENSURATION.  435 

6.  If  the  three  sides  of  a  plain  triangle  be  24-,  16  and  12  perches  : 
required  its  area  ? 

24+16+12 

=26;    26—24^2;   26—16=10;   26— 12=14,  and 

. ? 

-v/ 26x14x10x2=85-32  perches,  =  area.      Again,  as  24:  16+12:: 

16—12  :  4-6+,    the  difference  of  die  segments  of  the  base  ;  then, 
4-6+  — 

12 =  9-6,  and  ^  12x1 2— 9-6X9-6  =  7*  1 1  the  perpendicular  on 

2 
the  longest  side  ;  whence  24-;- 2x7*11  =  85-32,  area  as  above. 

7.  Required  the  area  of  a  circular  garden,  whose  diameter  is  12 
rods?  12xl2x-7854=  113-0976  poles,  Ans. 

8.  The  wheel  of  a  perambulator  turns  just  once  and  an  half  in  a 
rod  :  what  is  its  diameter  ? 

16-5X^  =  11,  circumference,  and  1  iX-31831  =  3  J  feet,  Ans. 

9.  Agreed  for  a  platform  to  the  curb  of  a  round  well,  at  7^^.  peir 
square  foot ;  the  inward  part,  round  the  mouth  of  the  well,  is  36 
inches  diameter,  and  the  breadth  of  the  platform  was  to  be  15  J  inch- 
es :  what  will  it  come  to  ? 

36+15-5x2=67  the  greatest  diameter  ;  67X67X-7854— 36x36x-7854 
2507-8722 

a: .=  17-4157  square  feet,  at  7-2cl.  per  foot,  =  10s.  10j%d. 

144  [Ans. 

10.  Required  the  difference  between  the  area  of  a  circle,  whose  ra- 
dius (or  semidiameter)  is  50  yards,  and  its  greatest  inscribed  square  ? 

50x2=100  the  diameter,  and  100XI00x-7854  =  7854  the  area  of 
the  circle  ;-  then,  50x50x2  =  5000  the  area  of  the  greatest  inscribed 
square,  and  7854— 5000=  2854  Ans. 

11.  There  is  a  se<5tion  of  a  tree  25  inches  over  ;  I  demand  the  dif- 
ference of  the  areas  of  the  inscribed  and  circumscribed  squares,  and 
how  far  they  differ  from  the  area  of  tlie  cedion  ? 

^5X25—  1 2-5X 1 2-5x2  =  312-5  the  difference  of  the  squares.  25x25 
— 25X25X-785 1-  =  1 34- 1 25  the  circumscribed  square,  more  than  the 
sedion,  and  25x25x-7854— 1 2-5x1 2-5x2  =  17^375  inscribed  square, 
less  than  the  area  of  the  sedion. 

12.  Four  nrien  bought  a  grindstone  of  60  inches  diameter :  how 
much  of  its  diameter  must  each  grind  off,  to  have  an  equal  share  of 
the  stone,  if  one  first  grind  his  share,  and  then  another,  till  the  stone 
is  ground  away,  making  no  allowance  for  the  eye  ? 

Rule — Divide  the  square  of  the  diameter  by  the  number  of  men, 
subtraa  the  quotient  from  the  square,  and  extrad  tlie  square  root  of 
the  remainder,  which  is  tlie  lengih  <)f  ilie  d"imeter  after  the  first  man 
has  ground  his  share  ;  this  work  being  rejieated  by  subiraaing  the 
same  quotient  from  the  remainder,  for  every  man,  to  the  last  ;  cx- 
traa  the  square  root  of  the  remainders,  and  suJ||raa  those  roots  from 
tlie  diameters,  one  after  another  j  the  several  remainders  will  be  the 
answers.  *  Qf) 
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60  From  60 

6a  Take  51'961o 


4)3600  Remains  8-0385=  ist.  share. 

Quot.  =  900'  From  51-9615 

Take  4.2-4264? 

From  3600  

Take     900  Rem.  9-5351  =  2d.  share, 

^  2700  ^51-9615,  to  be  taken  from  60. 
Subt.     900  From  42-4.264< 

V  1800  =  42-4264,  from  51-9615.     Take  30- 
Subt.     900  

V''900  =  30,  from  42-4264.  Rem.   12-4264=  3d.  share. 

And  30  inches  =  4lh  share. 

13.  If  a  cubick  foot  of  iron  were  hammered,  or  drawn,  into  a  square 
bar,  an  inch  about,  that  is,  ^  of  an  inch  square  :  required  its  lengthy 
supposing  there  is  no  waste  of  metal  ? 

12x12x12 

=  691 2  inches,  =  576  feet,  Ans. 

•25X-25X4 

14.  Required  the  axis  of  a  globe,  whose  solidity  may  be  just  equal 
to  the  area  of  its  surface  ?  -7854x4 

=  6  inches,  Ans, 

-5236 

15.  A  joist  is  7^  inches  wide,  and  2j-  thick  ;  but  1  want  one  just 
twice  as  large,  which  shall  be  Sf  inches  thick  :  what  will  be'the 
breadth  ?  7'5x2-25x2 

=  9  inches,  Ans. 

3-75 

16.  I  have  a  square  stick  of  timber  18  inches  by  14  ;  but  one  of 
3.  third  part  of  the  timber  in  it,  provided  it  be  8  inches  deep,  will 
serve  ;  how  wide  will  it  be  ?  18x14 

^  8  =  1  Ot  indies,  An:>. 

3 

17.  A  had  a  beam  of  oak  timber,  18  inches  square  throughout, 
and  25  feet  long,  which  he  bartered  with  B,  for  an  equilateral  trian- 
gular beam  of  the  same  length,  each  side  24  inches :  required  the 
balance  at  Is.  4d.  per  foot  ? 

18x18x25 

=  56-95,  solidity  of  the  square  beamv 

144 
The  perpendicular  let  fall  on  one  of  tlie  sides  of  the  triangular  beam 

10-3923x24 

is  20-7846  inches,  and  the  half  perp.  =  10-3923  ,  then -  = 

144 
1-732  foot,  area  at  the  end,  and  1-732x25  =  43-3  feet,  solidity  of  the 
triangular  beam  ;  therefore  56-25 — 43-3  re  12-95  feet,  at  Is.  4d.  per 
foot=  17s.  3 -2d.  balince  due  to  A,  Ans. 

18.  What  is  the  difference  between  a  solid  half  foot,  and  half 
a  foot  solid  ?  12x 
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12x12x6 

=  4,  therefore,  one  is  but  ^  of  the  other. 


6X6X6 

19.  A  lent  B  a  solid  stack  of  hay,  measuring  20  feet  every  way  ; 
sometime  afterward,  B  returned  a  quantity  measuring  everyway  10 
feet :  what  projJortion  of  the  liay  remains  due  ? 

20x20x20—  1  OX  1  OX  1 0  =  7000  feet  =  -^  Ans. 

20.  A  ship's  hold  is  75^  feet  long,  J  8^  wide,  and  7i  deep  :  how 
many  bales  of  goods  3^  feet  long,  2^  deep,  and  2|  wide,  may  be 
stowed  therein,  leaving  a  gang  way  the  whole  length,  of  3^  feet  wide  ? 

7.>-5xr8-5x7-25 — 75"5x7-25x3-25 

=  385-44  bales,  Ans. 

^■5x2-25x'2-75 

21.  If  a  stick  of  timber  be  20|  feet  long,  16  inches  broad,  and  8 
inches  tliick,  and  3~  solid  feet  be  sawed  off  one  end  :  how  long  will 
the  stick  then  be  ?  1728x3-5 

uOl =•  16  feet,  G|  inches,  Ans. 

loXS 

22.  The  solid  content  of  a  square  stone  is  found  to  be  136^  fee:. ; 
its  length  is  9^  feet :  what  is  the  area  of  one  end  ?  an4  if  the  breadth 
be  3  feet  1 1  inches,  what  is  the  depth  ? 

136-5x1728  2069-0.326 

=  area    2069*0526  ;  inches,    and =  44-022 

9-5x12  •  47       [ins.  Ans. 

23.  I  would  have  a  cubick  box  made  capable  of  receiving  just  50 

bushels,  the  bushel  containing   2150-A25  solid  Inches  :  what  will  be 

the  length  of  the  side  i  ^TTTTKIZ'^      a^  er  •     \. 

^  V  2  i  50-4X50  =  4  /  -55  mchcs. 

24.  A  statute  bushel  Is  to  be  made  8  inches  high,  and  IFk  inches 
diameter,  to  contain  2176  cubick  inches  ;  (though  lUe  content  of  the 
dimensions  is  but  2l50-i25  inches)  I  demand  what  the  diameter  of 
the  bushel  must  be,  the  height  being  8  inches;  and  what  llie  lieight, 
the  diameter  being  ISx  inches,  to  contain  2176  cubick  inches  ? 

Solidity. 

Height  =  8)2176  and  -/ 272x1-273  =  18-6  diameter.     18-5xl8-5x 

-7854  =  268-80315  =  area,  and  the  solidity 

Area=    272         2176-4-268-8  =  8-0956  inches,   height. 

25.  There  is  a  garden  railing  stone  66  inches  in  circumference, 
and  3J-  cubick  feet  are  to  be  cut  off  from  one  end,  perpendicular  to 
the  axis  :  where  must  the  secftion  be  made  ? 

1728x3-5 

=  14-65  inches  from  0!ie  end,  Ans. 

Area=     412-5 

26.  I  would  have  a  syringe  of  1  ^-  inch  diameter  in  the  bore,  to 
hold  a  quart,  wine  measure :  wliat  nuist  be  the  length  of  the  piston, 
sufficient  to  make  an  injedion  with  ?  • 

l-5xl-5x-7«54=  1-76715,  and  231 -^4'  =  57*75  the  cubick  inches 
57*75 

a  quart,  then, =  32-679  inches,  An-,. 

1-76715 

27.  If  a  round  pilhir,  9  inches  diameter,  contain  5  feet :  of  what 
diameter  is  that  column,  of  equ.d  Icngt)),  which  measures  10  limes 
as  much  ?  As  3*, 
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As  5  :  9X9  ::  5x10  :  810,  and  V" « 10  =  28-46  inches,  Ans. 

28.  There  is  a  square  pyramid,  each  side  of  whose  base  is  30  inch- 
es, and  whose  perperdicular  height  is  120  inches,  to  be  divided  by 
se(5lions  parallel  to  its  base  into  3  equal  parts  :  required  the  perpen^ 
dicular  height  of  each  part  ? 

30X80X40=  3(3000  the  soHdity  in  inches,  now  |  thereof  is  24000^ 
and  f  is  12000.     Therefore, 

^  As  36000  =I.0xl20x:.0::{^fX};'.S}'^'-' 

^1152000=104-8  Also,  v^576000  =  83-2.  Then,  120— 104-8 
=  15-2  length  of  the  thickest  part,  and  104-8~-83-2  =  21-6  length  of 
the  middle  part,  consequently  83-2  is  the  length  of  the  top  part. 

29  Suppose  the  diameter  of  the  base  of  a  conical  ingot  of  gold 
to  be  3  inches,  and  its  height  9  inches  ;  what  length  of  wire  may  be 
expeded  from  it,  without  loss  of  metal,  the  diameter  of  tlie  wire 
being  one  hundredth  part  of  an  inch  ? 

3xSx-7854x3  =  21-2058  the  solidity  of  the  cone. 
21-2058 

=  270000  inch.  =  4  miles,  and  460  yards,  Ans. 

•OlX'OIx-7854 

30.  Suppose  a  pole  to  stand  on  an  horizontal  plane  75  feet  iti 
bt^i>;ht  above' the  surface  :  at  what  height  from  tlie  ground  must  it  be 
cut  off,  so  as  that  the  top  of  it  may  fall  on  a  point  55  feet  from  the 
bottom  of  the  pole,  the  end,  where  it  was  cut  off,  resting  on  the 
stump,  or  upright  part? 

As  the  whole  length  of  the  pole  is  equal  to  the  sum  of  the  hypoth- 
enuse  and  perpendicular  of  a  triangle,  (the  55  feet  on  the  ground 
being  the  base)  this,  as  well  as  the  following  question,  may  be  solved 
by  this 

Rule.— From  the  square  of  the  length  of  the  pole  (that  is,  of 
the  sum  of  the  hypothenuse  and  perpendicular)  take  the  square  of 
the  base  ;  divide  the  remainder  by  twice  the  length  of  the  pole,  and 
the  quotient  will  be  the  perpendicular,  or  height  at  which  it  must  be 

cut  off.  

75x75-^35x55 

—  1 7^  feet,  Ans, 

75X2 

31.  Suppose  a  ship  sails  from  latitude  43°,  north,  between  north 
and  east,  till  her  departure  from  the  meridian  be  45  leauges,  and  the 
sum  of  her  distance  and  difference  of  latitude  to  be  135  leagues  :  I 
demand  her  distance  sailed,  and  latitude  come  to  .? 

135X135—45X45 

=  60  leagues,  and  60x3  =  180  miles  =  3  degrees 

135x2 
the  difference  of  latitude,  135 — 60  =  75  leagues  the  distance.     Now, 
as  the  vessel  is  sailing  from   the  equator,  and  consequently  the  lati- 
tude is  increasing  :  Therefore, 

To  the  latitude  sailed  from  43^,00'N. 

Add  the  difference  of  latitude  3  ,00 

And  tlie  sum  is  the  latitude  come  to  =  46  ,00  N. 


AN 

INTRODUCTION  TO  ALGEBRA, 

DESIGNED  FOR   THE 

USE  OF  ACADEMIES. 


Definitions. 

ALGEBRA  is  the  art  of  computing  by  symbols. 

1.  Like  qtHautit'ies  are  those  which  consist  of  the  same  letteKs. 

2.  Unlike  quantities  are  those  which  consist  of  different  letter?. 

3.  Given  quantities  are  those  whose  values  are  known. 

4'.   Unknoiun  quantities  are  those  whose  values  are  unknown. 

5.  Simple  quantities  are  those  whicli  consist  of  one  term  only. 

6.  Compound  quantities  are  tliose  which  consist  of  several  term's. 

7.  Positive  or  affirmative  quantities  are  those  to  be  added. 

8.  Negative  quantities  are  those  to  be  subtracted. 

9.  Ltke  signs  are  all  +  or  all  — , 

10.  Unlike  signs  are  +  and  — . 

11.  The  coejficitnt  of  any  quantity  is  the  number  prefixed  to  it. 

\2.  A  binomial  quantity  is  one  consisting  of  two  terms  ;  a  trinomia^j 
of  three  terms  ;  and  a  quadrinomiaU  of  four  terms,  &c. 

13.  A  residual  quantity  is  a  binomial,  where  one  of  the  terms  is  a, 
negative. 

In  the  computation  of  problems,  the  first  letters  of  the  alphabet 
^re  put  for  known  quantities,  and  letters  of  the  latter  part  of  the  al- 
-phabet  for  those  which  are  unknown. 

Axioms. 

1.  If  equal  quantities  be  added  to,  subtradled  from,  multiplied  or 
divided  by,  equal  quantities,  the  wholes,  remainders,  produd:s  and 
quotients  willjbe  respectively  equal. 

2.  The  equal  powers  or  roots  of  equal  quantities  are  equal. 

3.  Two  quantities,  respe«5tively  equal  to  a  third,  are  equal  to  eacli 
other. 

4.  The  whole  lii  equal  to  all  its  parts  taken  together. 

ADDITION. 

Case  I.  To  add  quantities  <which  are  alike f  and  have  like  signs,^ 
Rule. —  Add  all  the  coefHcicnts  together,  and  to  their  sum  adjoia 
the  letters  common  to  each  term,  jMcrivinT  the  corynic"  ^'-r". 

5a 

•  When  a  leading  ijuantity  has  no  lijMi  i.cion-  a,  -|-  is  always  un.krilood  ;  and 
a  quantity  wirlrouc  a«y  coeflidcnt  prttixcd-to  it-,  i«  foppofcd  to  bayc  unify,  or  r. 
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5a 

—Ghr 

hhru 

Br''+     ru 

"Jar —     u 

la 

—%r 

Ibru 

^r''  +   2r« 

8ar—  3« 

8a 

—2br 

'Mru 

r'^+  2ru 

6ar —  2« 

lOa 

^Ibr 

4:bru 

7r^+  8ru 

4«r —   Su 

2a 

—  hr 

5hru 

r2+     ru 

ar —     u 

a 

—Fjba 

bru 

'2r''  +   'Jru 

Sar—  2a 

Via 

—2Ur 

2^bru 

19/-^  41 8r« 

29^r— 12a 

Case  II.  To  add  quantities  ivhlch  are  alike,  but  have  unlike  signs » 

Rule  1.   Add  all  the  affirmative  coefficients  into  one  sum,  and  all 
the  negative  ones  into  another. 

2.  Subtract  the  least  sum  from  the  greatest,  and  to  the  diffierence 
prefix  the  sign  of  the  greatest,  with  the  common  quantity. 

—3^  +  Bar*  -}-    6r^+    8a  —2ru+    8  +    8r-~  a+    Sy^r 

■\-la  +  7ar^  —  3«^+    7a  --.3r«+    7  — lOr^— 3a+    2>/r 

+  8^  —  3^r^  — 13r^+    8a  +    ra— 10  —  4/^— 2a+      >/r 

— -  «  —  4^r'2  +    2r'-'—  3a  +5ra—   7  +    Qr^ +  6«— lOy^r 

—2a  +  Aar'^  +      r"^—     a  —  ra+    2  +     r-   *     —     v'^- 


-V9a      +12ar'^     —  7r^  +  19a  *  +    4^2  *  ♦ —  5^^ 

Case  III.  To  add  quantities  nvhich  are  unlike,  and  have  unlike  signs. 

Rule.  Colled  the  like  quantities  together  by  the  last  rule,  and  set 
iown  those  which  are  unlike,  one  after  another,  with  their  proper 
signs. 

2r  2r — r^  


Su  2>a  — r  12^7r— r*^— e+V'flr— r* 

2^^-f  6V2  ~^6ar  ■\-r'^—r-\- 1 0 


-a 


r^  2>^r—1ar  2u—ar-A-2^ar-^r'^ 


2r-\-2u—a+r'^       r+5r'+3«+3v^r  5ar^^ar — r^— r+3« 

SUBTRACTION. 

Rule. — Change  the  signs  of  all  the  quantities   to  be  subtradled^ 
and  then  add  them  together,  as  in  Addition. 
Sa^—^b  6;*^-    8a  +    2  3.5ra— 2 -h  8r— a^^"  8ar—2^ru—lO 

2a'^^3b     r^-+    9a— 20  24ra— 8— 8r— 3«  lOr— Gy'ra— ^r 


a^^    b  5r^— 17a  +  22   ]  lra+6  +  16r— w^+Sa  9ar+4v^ra— 10— lOi' 

MULTIPLlCATtON. 

ICase  I.  To  multiply  simple  quantities. 
Rule. — Multiply  the  coefficients  of  the  two  terms  together,  an3 
to  the  moducl  annex  all  the  letters  in  those  terms^. 
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Note.  Like  signs  produce  +,  and  unlike  signs  — . 

<ia       —2a  5a         —  9r  6a^r  ■—r'^u  -^Iru 

S6        4-43         —  6r        —  5b  5r  ru''  —  ru 


eab       —Sab       —soar        +i'5br       30^V^        —r^u'        -f7r'^«* 
Ca^e  III.    fV/jen  one  of  the  faBon  is'  a  compound  quantity. 
Rule. — Find  the  produ<fts  of  the  multiplier  and  every  particular 
term  of  the  multiplicand  separately,  and  place  them  one  after  anoth-, 
ea*  with  their  proper  signs. 

4^—23  6r«— 8  8rf''— 2r+6  3«— 8+2rtf 

?ta  2r  '3ru  ru 


12a'—6cib      ]2r-«— 16r     2W^  ru—6r- u+\^ru     3ru"—8ru+2r'^u^ 

Case  III.    irhen  both  the  faBors  are  compound  quantities. 

Rule.  Multiply  every  particular  term  of  the  multiplier  into  every 
term  of  the  multiplicand  respedively,  and  set  down  the  produds  one 
after  another  with  their  proper  signs,  and  their  sum  will  be  the  whole 
pr'odud. 

r+«  r — u  Sr^ — 2ru  +  5 

r-+u  r — u  r'^  +  2ru — 3 


r-^+ru  r'2—  ru  3r'^—2r^u  +  5r'^ 


-9r*     +  6r«~15 


r^  +  2r«+«-         r' — 2ru+u^ 


Sr'*  +  4r  ^  «— 4r^  — 4r'2 « '^+ 1 6rtt— 1 5 
When  two  surd  numbers   are  to  be  mukiphed  to^^ether,  multiply 
them  without  any  regard  to  the  radical  sign,  and  prefix  the  radical 
sign  to  the  produd.     Thus, 

^3X^2=^6  i  ^aX^b=A/ab,  Sec. 

DIVISION. 
Case  I.    IVhen  the  divisor  is  a  simple  quantity. 
Rule  \.  Place  the  dividend  above  a  line,  and  the  divisor  under 
it,  like  a  vulgar  fradlion. 

2.  Expunge  those  letters  which  are  common  to  both  the  fa(fldrs, 
and  divide  the  coefficients  of  all  the  terms  by  any  number,  which  will 
divide  them  without  a  remaijider 

Note.  Like  signs  make  +,  and  unlike  signs  — ,  as  in  multiplication. 
a  ^bc  ahc      a      i{)ab-^\''>ac      2b^3c      ab+b"       a+b      I2ru 

a         '    2b  '  bed      d*       20ad  ^d     *       25  2    '    (Sr^ 

2u        ?,{)ar—5\au        5r—9u        I0r''u—\5u'^—5u 

r               \2ab                 2b  5u 
I'^^l  5+6a+3b              5                b 
-a +  2  -I-  -— . 


3ir  an-  ^ASZ 

3...H 
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Case  II.   IVhen  the  divisor  and. dividend  are  hoth  compound  quantities. 

Rule  1.  Range  the  terms  of  both  the  quantities  according  to  the 
dimensions  of  some  letter  in  them,  so  that  the  first  term  may  have 
the  highest  power  ot  that  letter,  and  the  second  term  the  next  high- 
est power  ;  and  so  on. 

2.  Divide  the  first  term  of  the  dividend  by  the  first  term  of  the 
divibor,  and  place  the  result  in  the  quotient.  _ 

3.  Multiply  the  whole  divisor  by  the  quotient  term  last  found,  and 
subtra(5t  the  result  from  the  dividend 

^    4.  To  this  remainder  bring  down  the  next  term  of  the  dividen<l 
and  divide  as  before,  and  so  on,  as  in  common  arithmetick. 
a^-r  )a  ^  +5a'^i'+5ar  ^  +r  ^  ( d^  +4^H-r  "^ 
a^+  a'^r 


— Or3+27r- 
— 3r» 

4«'^H-5^r« 
4«^r=4tfr^ 

-27(r^ 

ar^+r^ 
ar'+r^ 

* 
—er+9 

— 6r'2+27r 

^6r''+lSr 

-27 
-27 

9r~ 
9r- 

a — r)a^ — r^^a^+ar+r 


a  r —  r 

a^r — ar^ 


ALGEBRAICK  FRACTIONS. 
Problem  I.  To  reduce  a  mixed  quantity  to  an  Improper  fraSion. 
Rule. — Multiply  the  integer  by  the  denominator,  and  to  the  pro- 
duft  add  the  numerator,  and  the  denominator  being  placed  under  this 
spm  will  give  the  improper  fraction  required. 

r^     ar+r"^  h       ac — h  2r     a — 2r  a'^ — ar 


.^-  — 


Prob.  II.  To  reduce  an  improper  fraBion  to  a  <whole  or  mixed  quantity,. 

Rule. — Divide  the  numerator  by  the  denominator,  for  the  inte- 
gral part,  and  place  the  rexanii^der  ©ver  the  denominator,  for  the 
tVa^ional  part. 
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iU-A-a"  a"      au^lu"  «*        ah—a-"  a"       a"+2r'' 

r  r  a+u  a+u  h  h  m — r 

«^ 
«  4-  r  + 

a — r 
TrOB,  III.  To   reduce  fraBions  of  different   denominators,  to  those  of  the 
same  value,  ^ivhlch  shall  have  a  common  denominator. 
Rule. — Multiply  every  numerator  separately  into  all  the  denomi- 
nators but  its  own,  for  new  numerators,  and  all  tlie  denominators 
together  for  a  common  denominator. 
a  h 

1.  Reduce  —  and  —  to  fractions  of  equal  values,  having  a  com- 

h  6 

mon  denominator, 

aXc  =  ac  new  nume.  ac  h'^ 

hyJb  —h'^  new  nume.         —  and  —  =  fradions  required. 

f- he  he 

hXc  ~  be  common  denominator. 
a      b  c 

2.  Reduce  — ,  —  and  —  to  equivalent  fra<5lions  having  a  jeommon 

b      f  d 

denominator. 
aXcXd  =  acd 

bxb>^d  =  b''d  Mcd  b'^d         cH 

cYJbA.c  =  c'^b  — ,  —  and  — ,  Ans. 

——.———  bed    bed  bed 

lYxY^d  =  bed 

Prob.  IV.  Tojind  the  greatest  common  measure  of  a  fraElion^ 
Rule  I.    Range  the  quantities  according  to  tlie  dimensions  of  some 
letter,  as  was  shewn  in  division. 

2.  Divide  the  greater  term  by  tJie  less,and  the  last  divisor  by  the  last 
remainder,  and  so  on,  till  nothing  remain,  and  the  divisor  last  used, 
will  be  the  common  measure  required. 

Note,  All  the  letters  or  figures,  which  are  common  to  the  divisor, 
and  dividend,  must  be  cancelled  in  the  divisor  before  they  are  used 
in  the  operation.  f;H-/-* 

To  find  the  greatest  common  measure  of 

*  cr-Vr'^)ca''"\a" r  ca'^a+r 

Or,  c+r}ca'^-\-a'^r(a'^ 
ca'^+a'^r 

Therefore  the  greatest  

common  measure  is  e+r.  *  '2.  To 

•  Here  1  find  that  r  is  common  to  both  divlfor  and  dividend,  I  tijcrcforc  caned 
f  in  thcdivifor,  that  i>,  I  divide  er+r  *  by  »•,  and  e-^-r  is  tlic  quotitnt :  TIiuh, 
r>r+r*(c-fr,    lot  the  divil»r. 
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2.  To  find  the  greatest  common  measure  of 


Or,  r  +  ^     )r^+2^r4-^^(r+^ 
r^+  br 

Therefore  r-^b  is  the  great-  br+b"^ 

ert  common  divisor.  br+b'^ 

Prob.  V.  To  reduce  a  fraQ'ion  toils  lonvest  terms. 
R  ULE.  l.~Find  the  greatest  common  measure,  as  in  the  last  problem. 
^'.  ")Vide  both  of  the  terms  of  the  fra<Sion  by  the  common  meas;? 
-nd. 
cr^r'' 

1    Jieduce  ^ to  its  lowest  terms.. 

ca^-h-a^r 

cr+r'^)ca'^+a^r 
Gr,  c+r  )ca'^-¥a'^r{a^ 
ca'^+a'^r 


* 
lore,  cXi'  is  the  greatest  common  measure, 
N    cr+r^     /  r 
andc+r  ]      -    — i    —  =  fradion  required. 


)cr-Vr^     /  r 
ca'^a'r^a?- 


r^—b'^r 

2.  Reduce to  its  lowest  terms. 

■      r^+23r+i^ 
r''-Y%r-\-b'')r^  -  b''r(r 

r^^^br^'+b'^r 


mT'''-2b''ry-¥%r^b 
Or,  r+b  y+%r^b''{r^h 
r^4-  br 


brW 
br^b'' 

Therefore  r-\-b  Is  the  greatest r-\rb 

common  measure,  and  * 

•  Here  — br  is  common  to  the  divifor  and  dividend  ;  I  therefore  firft  divide 
_2/„  2  ^2/,^rby  r,  and  the  quotient  is  — %br — 2^*,  thus, 
».) — 2(5r* — a**r( — zhr—ih^  I  then  divide— i^r-ai*  by  —zb,  and  the 

—  iiri  quotieut  isr4-^^  thu«, 

»».. — 2l>) — ^br — 2i»(r+i,  for  the  divifor." 

— li-^r  —zbr 

—  2&*r 


—zb^ 
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\    r^— ^V    /r'^  —  br 

,-4-^  J    — ___  .    .[ =  fradion  required. 

J r''-\-2br+b\  rVb  ^ 

Prob.  VI.    To  add ^id'tonal  quantities  together. 
Rule. — Reduce  the  fradions  to  a  common  denominator. 
2.  Add  all  the  numerators   together,  and  under  their  sum  writ^t 
the  common  denominator. 
r  r 

U  Add  —  and  — 
2  3 

r+3  =  3r 
r+2  =  2r 

2r+3  =  6 
Sr     2r     5r 
—  +  — =—  =  sum. 
6       6      6 
a      e  e 

2.  Add  — ,  —  and  — . 

b      d  f 

aXdXf=adf         adf       df       ebd       adf-\-i:lf+ebd 

cXlXf  =cbf f-  —  + = ==  film'. 

4Xi'X'i  =  ebd  bdf      hdf       bdf  bdj 

bXdXf=bdf. 

3r2  r— -2^ 

3.  Add  a and  3+ 

b  c 

r—2hy,b=br—1h'^ 


^Xc~hr.  3cr^ 

be 
br^lb'^ 
b   +  


a   ■\-  b  -\ =  fum. 


Prob.  VII.  To  subtrad.  one  f rational  quantity  from  another. 
Rule  1. — Reduce  the  fradions  to  a  common  denc^minasor. 
2.  Subtrad  the  numerators,  and  under  their  difference  write  the 
common  denominator.  r  2r  » 

1.  Required  the  difference  of  -  and  —  ? 

3  11 

rXll  =  llr 
2rX    fi  =     6r                             llr        <>>         5/ 
•  — :i--  —  =  difference. 


I 


3X11  —  33  33        33        33 

r — a  2a — 4r 

2.  What  is  the  difference  of  . ^nd ? 

'33  5e  ;•— « 
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»' — °  X  5c=5cr — Sac 
2a — 4rX  S6=6a6 — 1 2l>r 


3l>X5c=l5l>c  ^ 

Scr — 5ac        Gab — I2br        5cr — 5ac — Bab-\-\2br 

• = =  difference. 

15bc  15bc  I5bc 

Prob.  VIII.  To  m ultiply  fraBional  quan titles. 
Rule. — Multiply  the  numerators  together  for  a  new  nunaerator, - 
-and  the  denominators,  for  a  new  denominator, 
r  2r 

1.  Multiply  -  and  —  together^ 
6  9 


6X9  1   =~  =  -  =  P^odua. 


rX2r7    _ 

54       27 

2.  Find  the  produft  of  -,  —  and  — ,. 
2    5  21 

40r^       4r' 


rX4rXl0r 
2X5  X21 


3         210       21 

r  a+r 

3.  Find  the  produd  of  —  and ^ 

a  a+C' 

rXr^l =produa. 

aXa+c^       a'^+ac 

Prob.  IX.  To  JiwJe  one /rational  quantity  ty  anotheix. 
Rule. — Invert  the  divisor,  and  proceed  as  in  multiplication. 

r  2r      r       9       9r       3 

J.  Divide  —  by  — .     -X  —  =  —  =  —  =\\-  quotient. 
3  9       3      2r      (w-       2 

2tf        ^c       2a      d      2ad        ad 

2.  Divide  —  by  — .     —  X  —  = = =  quotient^ 

h  d        b      4:^       ^k       2bo 

r+a  r-\-b 

j3.  Divide  . by 

2r — 2b        5r+a 
r+a  5r+a     Sr^+Gari-a"^ 

X = =  quotients 

•        2r— 23         rH  2r*^— 2^2 

INVOLUTION, 

Involution  Is  the  raising  of  powers  from  any  proposed  root ;  or  the 
method  of  finding  the  square,  cube,  biquadrate,  &c.  of  any  given 
qnanlity.  . 

i^j^uLE Multiply  tlie  quantity  into  itself  as  often  as  is  denoted  by 

the  index,  and  the  last  produd  will  be  the  power  required. 

Or/ 
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Root 


Or,  Multiply  the  index  of  the  quantity  by  the  index  of  the  power, 
and  the  result  will  be  the  same  as  before. 

Note.  When  the  sign  of  the  root  is  +,  all  the  powers  of  it  will  be  +  ; 
and  when  the  sign  is  — ,  all  the  odd  powers  will  be  — ,  and  all  the 
evfitn  powers  +. 

square.  t  a"^     =  square, 

cube.  Root=   '^J^^     =cube. 

La^  =  4th  power.  "~^    i  a^    =  4th  power. 

a^  =  5th  power.  L«  ^  °  =  5th  power. 

•^  =  square. 

4th  power. 
Sth  power. 

(r' 

—  =  squa, 
a* 

^3 


!+       Oa"^  = 
—  243^5  = 


Root  =  — 


Ropt  = 


Root  =  —  \  —  3*cube. 

..4 


f     4^?V^ 

+ =  square. 

9^* 


2flr^ 


-  =  cube. 


36 


r+a 


16aV« 
+ =;  biquadral^. 


—  =  biqi 


r'^+2ar-\-a^  =:  square. 


r*+3ar^+3flV-Ha^ 
r  +  a 


cube. 


r*+4tfrH6^V*+4a^-+a*  ~  biqiiadfate. 


V 
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Qf  the  Composition  and  Resolution  of  a  Square  y  raised  from  a  Binomial  Root. 

A  binomial  is  a  quantity  copjsisting  of  two  parts   or  members, 

.  b 

coniiefled  together  by  the  sign  +,  or  — ,  as  r+rt,  r — ^,  r+ ,  r 

2 
b 
— ,  and  a  square  raised  from  a  binomial  root  is  nothing  else  but  the 

<k                                                             ^                       ^' 
square  of  suchll  quantity  ;  thus  the  square  of  r  +  —  is  r*  +^r  + y 

■  2  4. 

b  b^ 

and  thnt  of  r is  r* — br+ — . 

2  i' 

b  h 

h 

r  +  — • 
2 


br 

2 
br     V- 

i- 4-  — 

2     4. 


2 
h 

2 

bit 

2 
br      b'- 

2       4 

2br      b- 

r^ + =  r*- 

2       4. 

b'- 
^br^-  — 
4 

2^r      /^'-  b"- 

r^+ +  —  =  r  ^  +  Zr  +  — 

2        4  4 

The  difference  between  these  two  squares  arises  from  the  different 

^ign  of  by  and  that  only  affed:s  the  second  member  ;    for  the  third 

bb 

member  —  will  be  the  same,  whether  the  quantity  b  be  affirmative 

4 

or  negative  ;  therefore,  if  those  cases  be  thrown  into  one,  it  will  staad 

b  b 

thus  :  the  square  of  r  +  —  ;  viz.  i-  br  when  the  root  is  r  +  — ,  and 

2  2 

b 

—  br  wiien  the  root  is  ;- .     Nov/,  of  the  three  numbers,  whick 

o 

compose  this  square,  the  first,  r"  is  the  square  of  r,  the  second,  _+  br 
is  the  root  of  that  square  multiplied  into  the  coefficient  +  by  and 

b"  b 

the  third  member  —  is  the  square  of  ±_  — ,  that  is,  the  square  of 

4  2 

half  the  coefficient  of  the  second  member  ;  whence  may  be  deducel 
t^e  following  observations. 

1.  Any 
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1.  Any  quantity  consisting  of  two  members,  asr*  +  ^r,  whereof 
one,  as  r*  is  a  square,  and  the  other  +_lr  is  the  root  of  that  square 
multiplied  into  some  given  coefficient  ±_  b,  it  may  be  considered  as 
an  imperfe(5t  square  raised  from  a  binomial  root,  and  may  easily  be 

completed  by  adding  — ,  that  is,  by  adding  the  square  of  half  the 

4 
coefficient  of  r  in  the  second  term  ;  thus  r'^+Qr,  when  completed  is 

9 
y^+6H-9  ;  r^4-3r  becomes  r'^+^r-^  — ,  because   half  the  coefficient  3 

4 
3  2r  2r       1 

is — ,     Again,  r^4 — becomes  r*  X  —  +  — ,  because  half  the  coef- 
2  3  3       9 

1  1  br 

ficient  is  — ,  the  square  of  which  is  —  :   Lastly,  r^  —  —  become 
3  9  a 

br      b''  b  b 

r^ + :  For  the  coefficient  is ,  its  half ,  and  the 

a       4a^  a  2a 

b^ 
square . 

2.  The  root  of  such  a  square,  when  completed,  that  is,  the  root 

b''  b 

of  r^  ±  br  +  —  will  always  be  r  jf  — ,  that  is,  it  will  always  be  the 

4  2 

square  root  of  the  first,  together  with  half  the  coefficient  of  the 
second  :    thus,  the -square  root  of  r^+6r+9  will  be  r+S,  that  of  r*+ 

9  3  2r       1  1  " 

3r-f —  will  be  r  +  — ,  that  of  r^  +  —  + —  will  be  r  +  — ,  and  lastly, 
4  2  3       9  3 

br       b''                          b 
that  of  r* H will  be  r . 

a      4a*  2a 

Sir  ISAAC  NEWTON's  Rule  for  raising  a  binomial  or  residual  quan- 
tity to  any  poiver  ivhaiever. 

1 .  To  find  the  terms  'without  the  coeffic^itnts. 
The  ind'^x  of  the  first,  or  leading  quanlity,  btgins  with  that  of  the 
given  power,  and  decreases  continually  by  1,  in  every  term    to  the 
last  ;  and  in  the  following  quantity  the  indices  of  tl^c  terms  are  0,  1, 
%  3,  4,  &c. 

2.  To  find  the  uric: a-  or  coefficients. 

The  first  is  always  1 ,  and  the  second  Is  the  index  of  the  power  :  and, 

in  general,  if  the  coefficient  of  any  term  be  multipHcW  by  the  index 

of  the  leading  quantity,  and  the  produ(5l  be  divided  by  the  number 

I    of  terms  to  that  place,  it  will  give  the  coefficient  of  the  term  next 

'    following. 

S...I  Note. 
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Nate.  The  whole  number  of  terms  will  be  one  more  than  tlie  inder 
of  the  given  power  ;  and  when  both  terms  of  the  root  are  +,  all  the 
terms  of  die  powers  will  be  +  ;  but  if  the  second  term  be  — ,  then  all 
the  odd  terms  will  be  +,  and  the  even  terms  — . 

1.  Let  ^+r  be  involved  to  the  fifth  power. 

The  terms  without  the  coefficients  will  be  a^ ,  a'^r,a^r'^,  a'^r^^ar^r^ , 

5X4  10X3    10x2  5X1 

and  the  coefficients  will  be  1,;^5, , , , ,  or  1,  5,  10, 10, 

2        3         4         5 
5, 1,  and  therefore  the  5th  power  isa^+Stf'^r+lOa  VHlOa^r^+5tfr'*+r\ 

2.  Let/- — a  be  involved  to  the  6th  power. 

The  terms  without  the  coefficients  will  be    r^,  r^a,r^a^,r^a^jr'^a'^, 

6X5  15X4    20X3  15X2  6x1 

rrt^,«^,andthe  coefficients  will  be  1,6, ,  —      , , , or 

2         3         4         5        6 
1,  6,  15,  20,  15,  6,  1  ;  and  therefore  the  6th  power  of  r — a  is  r® — Gr^ 
i+15r'*^*— 2l)r3^Hl5r^«^— 6r^^+«<^. 

EVOLUTION. 

Evolution  is  the  reverse  of  Involution,  and  teaches  to  find  the  root& 
af  any  given  powers. 

Case  I.  Tojindthe  roots  of  simple  quantities. 

Rule., — Extraft  the  root  of  the  coefficient,  for  the  numerical  part, 
and  divide  the  index  of  the  letters  by  the  index  of  the  power,  and  it 
will  give  the  root  required. 

1.  The  square  root  of  9r*  =  Sr^  =  3r. 

2.  The  cube  root  of  8r^  =  2r^  =  2r. 

3.  The  square  root  of  Sa^r^  -a^r^  -y/S  =  ar'^^?^ 

4.  The  cube  root  of  —  I'iSa^r^  =  ■— S^^r"^  =  —  Bar'. 

4     8. 

5.  The  biquadrate  root  of  l6a'*r^  =  ^d^r'^  =  2ar". 

Case' II.  Tojindthe  square  root  of  a  compound  quantity. 

Rule. —  1.  Range  the  quantities  according  to  the  dimensions  ai 
some  letter,  and  set  the  root  of  the  first  term  in  the  quotient. 

2.  Subtiacfl  the  square  of  the  root,  thus  found,  froni  the  first  tern% 
and  bring  down  the  two  next  terms  to  the  remainder  for  a  dividends 

3.  Divide  the  dividend  by  double  the  root,  and  set  the  result  in 
the. quotient. 

4.  Multiply  the  divisor  and  quotient  by  the  term  last  put  in  tlie 
quotient,  and  subtrad  the  quotient  from  the  dividend,  and  so  on,  as 
'5  commpri  arithmetick. 

1.  Extrad 
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i.  Extraa  the  square  root  of  4^*+12a'H-13/j^r^+6^rHr^. 

4a^ 


4aN-3tfr)12aV+13«^r^ 


Aa''-^6ar+r^  )4flV^+6rtrHr* 


2.  Extract  the  square  root  of  r'^ — 4r^+6r* — 4H-i. 
r*— 4rH6r"-.4r+l(r'^— 2/  +  ) 

*.4 


2r^— 2r)— 4rH6r'^ 
— 4rH4r2 


2r^_4H-l)2r*— 4r+l 
2r2— 4r+l 


Case  III.  To ^nJ  the  roof s  of  powers  in  general. 

RuLt.— 1.  Find  the  roet  of  the  first  term,  and  place  it  in  the  qiio>. 
pent. 

2.  Subtr^(S  the  power,  and  bring  down  the  second  term  for  a  di- 
vidend. 

3.  Involve  the  root,  last  found,  to  the  next  lowest  power,  and 
multiply  it  by  the  index  of  the  given  power,  for  a  divisor. 

4.  Divide  the  dividend  by  the  divisor,  a^id  the  quotient  will  be  the 
^ext  term  of  the  root. 

5.  Involve  the  whole  root,  and  subtradt  and  divide  as  before ;  and 
so  on  till  the  whole  be  finished. 

3.  Required  the  square  root  of  a* — 2a^r — ^jV+Sa^r'^ — 2ar^-\-t^'. 

a*— 2a3H-3a«r«— 2flr3-fr'*(a«— ^?rl-r*2 


2rt^)— 2aV 


-2aV+aV^ 


2a'')2a''i 


a*— 2a  V+3.i  V'— 2i/r  ^+r^ 

J.  Extract 
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2-  Extraa  the  cube  rook  of  rH6/-^— 4«0r^+96r— 64. 
r  «  4-6r^  — .40/' H96/—64)r^4-2r— 4- 


3r'^)6r' 


rHGr^+lSr'^+Sr^ 


3r4j___i2r^ 


r 6  f  6r^  __-40r 3+96r— 64 


INFINITE  SERIES. 


An  Infinite  Series  is  formed  from  a  vulgar  fradlion,  having  a  com- 
■pound  denominator,  or  by  extrading  the  root  of  a  surd  quantity  ; 
unci  is  such,  as,  being  continued,  would  run  on  ad  infinitum,  in  the 
manner  of  a  decimal  fradtion.  And,  by  omitting  a  few  of  the  first 
terms,  the  law  of  the  progression  will  be  manifest,  so  that  the  series 
may  be  continued,  without  adually  performing  the  whole  operation. 

Problbm  I.  To  reduce  f rational  qitantities  into  infinite  series. 

Rule.  — Divide  the  numerator  by  the  denominator,  and  the  opera- 
tion continued,  as  far  as  shall  be  thought  necessary,  will  give  the  se- 
ries required. 

1 

1.  Let be  thrown  into  an  infinite  series. 

1+r 

I+r;l (1— r+r'^—r^r*,  &c.  I 

1+r  2.  Let be  thrown  into 

an  infinite  series. 

I— >•(! (l+r^-^«+r3+r^&c. 

1— r 


■r 
r^r' 


+r^  

+r^+r^  +r 


4-/"— r^ 


+r^ 
+r'-^r' 


-i-r^,  &c. 


a  Let 


INTRODUCTION  TO  ALGEBRA.  45S 

ar 

3.  Let be  proposed.  4<.  Let be 

;.2      f^      r*  proposed. 

^  a        a''      a' 

a^-\'2ar+r^)a''    .     .    .   (1 + 

a  2r* 


2r^ 
—  a 


3r*+ + 

^2 


4^3        3r^ 


-,  &c.- 


4a'        Sr-*        4r^ 

+ &c. 

a''        a' 


Problem  IL  To  reduce  a  compouufi  surd  into  an  injuiite  series. 

Rule. — Extra<5l  the  root  to  such  degree  of  exadness  as  shall  b6 
thought  necessary. 

Extraft  the  square  root  of  a*+r*  in  an  infinite  series. 


-2  ^4 


2a       8r'       \Qa^       128/?' 


2a/  r^ 


r'+  — 
4a' 


y2  ^4      V  ^4 

2a+ J 

/»        8a  V      4fl^ 


Carried  oveo 
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Brought  over.  r*  r*         r' 


4^'^       Sa''      64fl® 


^2        r*  \r^  r^ 

'2a+ ,  &c.    ) 

a        4a  ^  /3«*       64a  < 


r^ 

r« 

+ 

> 

acc. 

8a* 

16a« 

5r« 

,  &c. 

64a^ 

ARITHMETICAL  PROPORTION. 

yi  Series  in  /Irithmeti^al  Proportion\%  thus  expressed,  a^a^rh^a^r%ya^%^ 
a^My  &c.     Here  the  common  difference  is  h.     See  page  198,  &c. 

Note.  The  most  useful  part  of  Arithmetical  Proportion  is  contain- 
ed in  the  1st,  3d,  and  4th  Theorems. 

GEOMETRICAL  PROPORTION. 

A  Series  in  Geometrical  Proportion  is  thus  expressed,  afar,ca'^iar^,ar'*, 
ice.     Here  r  is  the  ratio.     iSce  page  215,  &c. 

Note.  The  most  useful  part  of  Geometrical  Proportion  is  contain- 
ed in  the  1st,  3d,  5th  and  «th  Theorems. 

SIMPLE  EQUATIONS. 

An  Equation  Is  the  comparing  of  two  equal  quantities  which  aref 
differently  expressed,  together,  by  means  of  the  sign  =  placed  be- 
tween lb  em. 

Thus,  12 — 7=5  is  an  equation,  expressing  the  quality  of  the  quan- 
tities 1  % — 7  and  5. 

A  simple  equation  is  that  which  contains  only  one  unknown  quan- 
tity, without  including  its  power.  Thus,  r — a+b=zc  is  n.  simple  equa- 
tion, containing  only  the  unknown  quantity  r. 

Rcdudion  of  equations  is  the  method  of  finding  the  value  of  the 
unknown  quantity,  which  is  shewn  in  the  following  rules. 

Rule  1.  Any  quantity  may  be  transposed  from  one  side  of  the 
equation  to  the  other,  by  changing  its  sign. 

Thus,  if  H-2=7,  then  will  r=7— 3=4.  And,  if  r-^4+6=8,  then 
will  r=8+4 — 6=6.  Also,  if  r — a+b=^ — dj  tlien  will  r=c — d+a — b. 
And,  if  4r— 8=3H-20,  then  will  4«— 3r:=2()+8,  or  r=28. 

Rule  2.  If  the  unknown  term  be  multiplied  by  any  quantity,  it 
may  be  taken  away  by  dividing  all  the  other  terms  of  the  equation 
by  it. 

Thus,  if  ar-ah—a,  then  will  rr:^— -I.  If  2r+4=16,  then  v/ili 
H-2=:8,  and  r=8— 2=6.  Also,  if  ar-\-%a=2>c'' ,  then  will  r+2Z'= 
3f^  S^-^ 

" — ,  and  r— %, 

n  a  Rule 
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Rule  3. —  If  the  unknown  term  be  divided  by  any  quantity,  it  may 
he  taken  away  by  multiplying  all  the  terms  of  the  equation  by  it. 
r  r 

Thus,  if  —  :^  5+3,  then  will  r  =  1 0+6  =  1 6.     If  —  =  h-^c—d,  th^n 
2  a      - 

2r 

will  r  =  «^  +  ac—ail.     Also,  if 2  =  6+4,  then  will  "Zr-^Q  =  1 8^ 

3 
36 
12,  and  2r  =  18+12+6=36,  or  r  =  —  =  18. 

2 
Rule  4. — The  unknown  quantity  in   any  equation  may  be  made 
free  from  surds,  by  transposing  the  rest  of  the  terms  according  to  the 
rule,  and  then  involving  each  side  to  such  a  power  as  is  denoted  by 
the  index  of  the  said  surd. 

Thus,  if  -/  r— 2  =  6,  then  will  ^  r  =  6+2  ^  8,  and  r  =  8*=.64  If 
v/4r+l6=  12,  then   will  4r+16=144,  and  4r=  144—16  =  128,   oj 

128  3    3    

r  = =  32.    Also,  if  >v/  2r+3+4=  8  j  then  will  ^  2r+3  =  8—4  =4, 

4 

61 
and  2r+3=4^  =  64,  and  2r=64 — 3  =  61,  or  r  =  — =  30|. 

2 
Rule  5. — If  that  side  of  the  equation,  which  contains   the  un- 
known quantity,  be  a  complete  power,  it  may  be  reduced  by  extrad- 
ing  the  root  of  said  power  from  both  sides  of  the  equation. 

Thus,  if  r  *+6r+9  =  25,  then  will  r+3  =  v'25  =  5,  or  r  =  5—3=2. 

33 
If  3r^— 9  =  21+3,  then  will  Sr''  =  21+3+9  =  33,  and  r-^  =  —  =  1 1, 

3 
2r^ 

Qrr  =  >/!!.     Also,   if +10=.  20,  then  will  2r^+30  =  60,  and 

3 
r*+15  =  30,  or  r*^  =  30—15,  or  r  =  -/  1 5. 

Rule  6 — Any  analogy,  or  proportion,  may  he  converted  into  an 
equation,  by  making  the  produdl  of  the  two  mean  terms  equal  to 
that  of  the  two  extremes. 

Thus,  if  3r  :  16  ::.  5  :  10,  tlien  will  3rXl0=  16x5,  and  30r=:  80, 
80  2r  2cr 

er  =  —  =  2|.      If  —  :  a  ::  h:ct  then  will =  al>,  and  *2cr  =  Sai^  or 

30  3  3 

Sab  r  4r 

r  = .      Also,  if  12— r  ;  —  ::  !<     1,      then  will  I2«-.r  =— =  5;-. 

2i  2  2 

12 
and  2H r  =  12,  or  r  =  —  =  4. 
3 
Rule  7. — If  any  quantity  be  found  on  h.'n.  .u:^  -.  -u  l:ic  «^»iu.im>w 
with  the  same  sign,  it  may  be  taken  away  from  Wiem  both  ;  and  if 
eyery  term  in  an  equation  be  multiplied  or   divided   by   ihe  same 
c^uajitity,  it  may  be  struck  tut  <>f  ihera  UM  '     Thus,^ 
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b 
Thus,  if  ^r■\ra=b^reL^  then  will  4r=i,  and  r=  — .     If  S^r+5«^=8^6-, 

4 
^c—5h  2r        8       J6        8 

then  will  3r+5i^=8r,  and  r— .      Also,  if = , 

3  •  3         3        3         3 

then  will  2r  =  IG,  and  r=  8. 

Miscellaneous  Examples. 
1.  Given  Sr — 15  =  2H-6,  to  find  the  value  of  r. 

21 
First,  5r— 2r=6+15,  then  3r=21,  and  r  =  — =  7. 

3 
3.  Given  40— Gr— 16=  120— 14r  to  find  r. 

9G 
First,  14r— 6r  =  120—40+16,  then  8r  =  96,  therefore  r  =  —  =  12. 

8 
3.  Given  Sar — 3^  =  2^r+f,  to  find  r. 


First,  .'5^;' — 2^r  =  <r+3^,  or  Sa-^ldy^  =  c+Sb,   therefore  r  = 


5^— 2J 

4.  Given  3r' — 10r=  Sa+r^,  to  find  r. 

IS 
First,  3r— 10  =  8+r,  then  3r— r=8+10,  therefore  2r=18,  and  r=  — 

2 

5.  Given  6ar'-— 12j^r^  =  3ar^+6ar',  to  find  r. 

First,  dividing  the  whole  by  3ar*,  we  shall  have  2/- — 4^  =  r+2,  then 
-^r — ^r=2+4^,  whence  r  =  2-1-4^. 
r  r        r 

6.  Given +  —  =  10,  to  find  r. 

2  3       4 

2r      2r  6r 

First,  /• +  —  =  20,  thenSr— 2r  +  — =  60,  and  12r— 8r+6r=^ 

3  4-  4 

240 

240,  therefore  lOr  =  240,  and  r  = =  24. 

10 
r— 3      r  r+!9 

7.  Given +  —  =  20 ^,  to  find  r. 

2        3  2 

2r 
First,    r— 3  +  — =  40— r— 19,     then    3r— 9+2r=  120— 3r— 57, 
3 

72 
therefore  3r+2r+3r=  120—57+9,  tliat  is,  8r=72,  orr=— =  9. 

8 

8.  Given  y^  |  r+5=7,  to  find  r. 

12 
First,  V'-J  r  ^  7—^=2,  then  |  r  =  2*  =4,  and  2r=12,  or  r=  —  =6. 

2 
9.  Given 
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07 


9.  Given  x  +  //a^+x'^  = 


:,  to  find  X. 


^a-+x'' 


1.  x  +  ^a'^+x'^  X  ^a'^+x'^  =x  ^a'^+x''+a'^+x'y  therefore 

2.  x  ^a^+x^  +  a^+x^='2a'',  transp.  4-rt*+.v*  then  the  eqaat.  wlllbc 

3.  X  a/ a'^ +x'^  =2a'^ — rt^— x^,  or  a'^ — :«*,  now  square  both  sides  of 

4.  X  v/^H^'^Xx  ^'^-^^=:.x''Xa''-\-x''^''x'^+x'^  and        [the  equat; 


5. 

a'^^x'^xa'^—x' 

'--a*—2a''x''+x''.     Therefore, 

6. 

a'x^+x'^=a'^- 

2a''x''^+x'*-,    transpose +x* 

7. 

«^v'2--=fl^      'la'' 

)c^.     transpose  — 2a'' x'' 

8. 

a'x''^2a'x'-  or 

3a''x''=:a'^,  consequently 

9. 

x'^zr:         ,  and 
a"" 

10 

3a''  " 

^Wi' 

-Problem  I.  To  exterminate  t-wo  unknown  quantities j  or  to  reduce  the  tnuo 
simple  equationsi  containing  them,  to  a  single  one. 

Rule  1st. — I.  Observe  which  of  the  unknown  quantities  is  the  least 
involved,  and  find  its  value  in  each  of  the  equations,  by  the  methods 
already  explained. 

2.  Let  the  two  values  thus  found  be  made  equal  to  each  other, 
and  there  will  arise  a  new  equation  with  only  one  unknown  quantity 
in  it,  whose  value  may  be  found  as  before. 


L  Given  |5^_2«=loi 
From  the  first  equation,  r= 


to  find  r  and  u 
23— 3« 


and  consequently 


23  -3« 


2 
\0^2u 


l(>f2« 

,  and  from  the  second,  r= , 

5 

-,   or  115— 15«  =  20+4«,  or  l^ 


95 


23—15 


=  115 — 20=95,  and  «  =  —  =  5,  whence  r 
19 


=  4. 


2.  Given 


to  find  r  and  u. 


{r+u=al 

From  the  first  equation,  r=a — u,  and  from  the  second,  r=i4u, 

a — h 

therefore  « — «=^+i/,  or  2u=a — b,    consequently  «  = ,  andr=<r-— -i^ 

a — h      a-\-h  2 


3.  Given 


2 
r       u 

—  +  —  =  7 

2  3 
r        u 

—  +  —  =  8 

3  2 

3.,.K 


>  to  find  /and  i;. 


Frow 
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2« 

From  the  first  equation,  r  =  14 ,  and  from  the  second,  r  =  24 

3 
3u  2u  Su  9u 

,  therefore  14  -^ =  24 ,  and  42— 2m  =  72 ,  or  84 

2  3  2  2 

60 
— 4«=144 — 9«  ;  whence  5a=l  44 — 84=60,  and  u= — =  12,  and  r=  14 

5 
2u  24 

J  3 

Rule  2d.-~l.  Consider  which  of  the  unknown  quantities  you 
would  first  exterminate,  and  let  its  value  be  found  in  that  equation 
whei  e  it  is  the  least  involved. 

2  Substitute  the  value,  thus  found,  for  its  equal  in  the  other  equa- 
tion, and  there  will  arise  a  new  equation,  with  only  one  unknown 
quantity,  whose  value  may  be  found  as  before.  ". 

1.  Given  <  J^ "  ~    9  1^^  ^^^  ^  ^^*^  ^' 

From  the  first  equation,  r  =  17 — 2«,  and  this  value,  substituted  for 
r  in  the  second,  gives  17 — 2mX3 — 7^=2,  or  5\ — 6u — tt=2,  or  51 — 7«= 

49 
2;  that  is,  7«=51— 2  =  49  ;.  whence  w  =  —  =  7,  andr=17 — 2z/=17 

7 
— 14=3. 

2.  Given  i  ^^  '  .   *a!L*  "  [  to  find  r  and  w. 

The  first  analogy,   turned  into  an  equation,  is  br  =  au,  or  r  =  — , 

and  tliis  value  of  r,  substituted  in  the  second,  gives,  -j 

+  «'^=  €,  or   a^tt*  +^*«*  —ch"^,  or  «*  = ,  therefore  n  — 

b^  a'+b'' 

,  and 


cb~ 


a'^b'' 


.2 


d'^K' 


Rule  3. — Let  the  given  equations  be  multiplied  or  divided  by  such 
numbers  or  quantities  as  will  make  the  term,  which  contains  one  of 
the  unknown  quantities,  to  be  the  same  in  both  equations,  and  then  by 
adding  or  subtracting  the  equations,  accordingly  as  is  required,  there 
will  arise  a  new  equation  with  only  one  unknown  quantity,  as  before. 

1.  Given   '^^'^_^l^~_^^^^ 

First,  multiply  the  2d  equation  by  3,  and  we  shall  have  3r+6«=42, 
then  from  this  last  equation  subtradt  the  first,  and  it  will  give  6» — 5« 
=  4'2--40,  or  «=  2,  therefore  r  =  14 — 2«  =  14 — 4  =10. 

2.  Given 
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2.  Given  |o''"~?""i«l  to  find  r  amd  u. 

Let  the  first  equation  be  multiplied  by  2,  and  the  second  by  5, 
and  we  shall  have  j  ,  n^'+9r^l-S0  I  ^^^  ^^^^^  former  of  these  be  sub- 

62 
tracHied  from  the  latter  it  will  give  31«=62,  or  a=  —  =  2,  consequent- 
Si 
9+G      15 

5         5 

Another  Method. 

Multiply  the   1st  equation  by  5,  and  the  2d  by  3,  and  we  shall 

r  2or 1  5m=4'  5  1 

have  -J    ,.    ,   ,  r  _j^o  }■      Now,  add  these  two  equations,  and  it  will 

93  16—6     10 

give  31r=93,  or  r=  —  =3,  consequently  «  = =  —  =2,  as  before. 

31  5  5 

Prob.  H.  To  exterminate  three  unknoivn  quantities^  or  to  reduce  the  three 
simple  equations^  containing  thenit  to  a  single  one. 

Rule. —  1.  Let  r,  «,  and  z,  be  three  unknown  quantities  to  be  ex- 
terminated. 

2.  Find  the  value  of  r,  from  each  of  the  three  given  equations. 

3.  Compare  the  first  value  of  r  with  the  second,  and  an  equation 
will  arise,  involving  only  u  and  z. 

4.  Compare  the  first  value  of  r  with  the  third,  and  another  equa- 
tion will  arise,   involving  only  u  and  %. 

5.  Find  the  value  of  «  and  z  from  these  two  equations,  according 
to  the  former  rules,  and  r,  k,  and  z,  will  be  exterminated  as  required. 

Note^  Any  number  of  unknown  quantities  may  be  exterminated  in 
nearly  the  same  manner. 

r  +  K  +  «  =  29- 
r  +2«  +3c  =  62 
1.  Given  Ir       u       %  S- to  find  r,  «,  and  z. 


r  r  +2«  +3c  =  62") 
!.  Given  I  r       u       %  > 

/-+-+-=  10  I 

^  o      9.      A.  J 


2      3      4 

From  the  first  equation,  /•=29 — ti — z.     From  the  2d  r=62 2^ 

♦•  '  2u        ^z 

3«.     From   the  3d  r  =  20 ,  whence  29— r/ — z=62 2« 

3        2 
2u        % 

3«,  and  29 — u — 2=20 ;  but  from  the  first  of  these  equa- 

3         2 

32 

tions,  f/=62 — 2»— 22=33 — 22  ;  and  from  the  2d  «=27 ,  there- 

2 

82 

fore  33—22=27 ,  or  2=12,  and  «  =  62  —  29—22=62—29—24 

2 
=9,  and  r=29— «— 2=29— .12— 9=8.  2.  Given 
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r 


9.  Given  i 


r        u       z 

2        3       4 

r         u       z 
—  +  —  +  —  =4*7  l^to  find  r,  «,  and  z. 


3  4       5 
r         u        z 

__+__  +  _  =  38 

4  5       6  J 
prst,  the  given  equations,  cleared  from  fra(5l:ions,  become 

12r+  Hu+  6z=  14.88 
20r+15«+12z  =  2820 
30r+24«+202i  =  45(>0 
Then,  if  the  second  equation  be  subtrafted  from  double  the  first, 
and  three  times  the  third,  from  five  times  the  second,  we  shall  have 
4r+  M  =  1 56 
10r+3M  =  420 
And  again,  if  the  second  of  these  be  subtrafted  from  three  times 

48 
the  first,   it  will  give  12r — lOr  =  468 — 420,  orr  =  —  =  24,  therefore 
i  2 

1488— 8«— I2r 
«  =  i56-^4:r  =  60,  and  z  = =  120. 

.  ^  v  . 

Questions  producing  Simple  Equations, 

1.  To  find  two  such  numbers,  as  that  their  sum  shall  be  40,   and 
their  difference  16. 

Let  r  denote  the  least  of  the  two  numbers  required,  then  will  r+16 
sa  the  greater,  r+r+16  =  40  by  the  question,  that  is,  2r  =  40 — 16  = 

.24 
24,  or  r  =  —  =  1 2  =  least  number,  and  r+ 16=1 2-}- 16  =  28  =  greater 

2 
number  required. 

2.  What  number  is  that,  whose  ^  part  exceeds  its  f  part  by  16  ? 

r  r 

Let  r=  number  required,  then  will  its  ^  part  be — ,  and  its  ^  part  — ; 

3  4 

r         r  3r 

therefore =16,  by  the  question,  that  is  r =  48,  or  4r 

3         4  4 

— 3r=  192  ;  whence  r=  192  the  number  required. 

3.  Divide  ^^.1000  between  A,  B  and  C,  so  that  A  shall  have  ;C.72 
more  than  B,  and  C  jCJOO  more  than  A. 

Let  r  =  B's  share  of  the  given  sum,  then  will  r+72  =  A's  share, 
and  r+172=C's  share  ;  and  the  sum  of  all  these  shares  r+r+72+r+172, 
or   3r+214=  1000,  by  the  question,  that  is,  3r  =  1 000— 244  =  756, 
756 

or  r  = =  ^.252  =  B's  share,  and  r+72  =  252+72=^^.324  =  A's 

3    ' 
share,  and  r+1 72  =  252+172  =  ^.424  =  Cs  share. 

Proof,  2  52+324+424  =/;.100e.  4.  A. 
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4.  A  prize  of  D.IOOO  is  to  b-  divided  between  two  persons,  whose 
shares  therein  are  in  the  proportion  of  7  to  9  :  Required  the  share 
•f  each  ?  , 

Let  r  =  the  first  person's  share,  then  wili  D.  1000 — r  =  2d  person's 
share,  and  r  :  1000 — r  ::  7  :  9,  by  the  question,  that  is,  9r=  1000 — r 

7000 

X7  =  7000— 7r,  or  16r  =  7000,  whence  r  = =  D.437  50c.  =  1st 

16 
shaie,  and  1000— r  =  1000— D.437  50c.  =  D.562  50c.  =  2d  share. 

5.  The  paving  of  a  square  at  40c.  per  yard,  cost  as  much  as  the 
inclosing  of  it,  at  D.l  per  yard  :  required  the  side  of  the  square  ? 

Let  r  =  side  of  the  square  sought,  then  4r^  yards  of  inclosure, 
and  r'^  r=  yards  of  pavement;  whence  4rXl00—K)0r  =  price  of  in- 
closing, and  r'^x40  =  lOr^  =  price  of  paving.  But  40r'^  =  400r,  by 
the  question,  therefore  r^  =  lOr,  and  r  =  10  =  length  of  the  side  re- 
quired. 

6.  A  labourer  engaged  to  serve  40  days  upon  these  conditions,  that 
for  evejfy  day  he  worked,   he  should  receive  20  cents,  but  for  every 
day  he  was  absent,  he  should  forfeit  8  cents.     Now  at  the  end  of 
the  time,    there  was  due  to  him  D.3  80c.  :    how  many  days  did  he* 
work,  and  how  many  days  was  he  absent  ? 

Let  r  be  the  number  of  days  he  worked,  then  Vv^ill  40 — r  be  the 

number  of  days  he  was  absent :  also,  rX20  =  20r  =  sum  earned,  and 

m^rXH=S20 — 8r  =  sum  forteited  ;  whence  20r— 320— Sr  =  380c. 

(=  D.3  80c.)  by  tlie  question,  that  is,  20r— 32CH-8r  =  380  or  28r=3S0 

700 

+320  =  700,and  r  = =  25  =  number  of  days  he  worked  ;  an  J  40 

28 
— r  =  40 — 25=  15  =  number  of  days  he  was  absent. 

7.  Out  of  a  cask  of  wine,  which  had  leaked  away  ],  21  gallons 
were  drawn  ;  'and  then,  being  gauged,  it  appeared  to  be  half  full : 
how  much  did  it  hold  ? 

Let  it  be  supposed  to  have  holden  r  gallons,  then  it  would  have 
r 
leaked  —  gallons,  and  consequently  there  had  been  taken  away  21 
3 
r  r        r  3r 

+  — fc  gallons.     But  21  +  —  =  —  by  the  question,  that  is,  634-r  = 

3  3       2  2 

or  126+2r  =  3r,  hence  3r— 2r=  126,  or  r  =  126,  Answer. 

8.  What  fra<5}ion  is  that,  to  the  numerator  of  which  if  1  be  added, 
the  value  will  be  J  ;  but  if  1  be  added  to  the  denominator,  its  value 
will  be  I  ? 

r  H-1  r 

Let  the  fraftion  be  represented  by  —  then  will =  \  and  -— 

M  u  iH- 1 

^J-,  or3r+3~tt,  and  4r=«4-l  ;  hence  4r — 3r — 3  =  tf+\ — w,  that  is, 
r— 3  =1,  or  r  =--  4,  and  «  :^.  f^H-3  -:::  1 2!-3  ^  15.     S>o  ih.it    /'^  =^  ^''^^•^^' 
n  required. 


t: 
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9.  A  market  woman  bought  a  certain  number  of  eggs,  at  2  for  a 
cent,  and  as  many,  at  3  for  a  cent,  and  sold  them  all  out  again,  at 
the  rate  of  5  for  !2  cents,  and  by  so  doing,  lost  4  cents  :  what  num- 
ber of  «ggs,  had  she  ? 

r 
Let  r  —  number  of  eggs  of  each  sort,  then  will  —  =  price  of  the 

2 
r 
first  sort,  and  —  =  price  of  the  second  sort.     But  5  :  2  ::  2r  (the 
3 

4r  4r 

whole  number  of  eggs) :  —  ;  therefore  —  =  price  of  both  sorts  to- 
5  5 

r        r        4r 

gether,  at  5  for  2  cents,  and  —  + =  4,  by  the  <iuestion  ;  that 

2        3        5 
2r       8r  24r 

is,  r+ =  8  ;  or  3H-2r =  24  ;  or  15  r+lOr— 24r.=  120; 

3        5  5 

whence  r=  120  =  number  of  eggs  of  each  sort  required. 

10.  A  person  in  the  afternoon  being  asked  wliat  o'clock  it  was, 
answered  that  J-  of  the  time  from  noon  was  equal  to  ^  of  the  time  to 
midnight  :  required  the  time  ? 

Let  r  =  the  time  sought  from  noon,  then  will   12 — r=the  time 

3r 
to  midnight,  J  of  the  time  from  noon  =  — ,  and  |-  of  the  time  to  mid- 

5 
60— 5r  3r      60-~5r 

night  = ,  therefore  —  = by  the  question  ;  whence,  Sr 

8  5  8 

300~25r  300 

= and  24r  =  300— 25r,  or  24r+25r  =  300  or  r  = =.  GL 

8  49 

7'  20''J5,  Answer. 

11.  A  merchant  ships  goods  for  South  Carolina,  to  the  amount  of 
jf  .700  :  what  sum,  at  5  per  cent,  should  he  get  insured,  to  cover 
his  adventure  ? 

5r  ^  .^ 

Let  r  =  sum  to  be  insured,  then  will  r =  700,  whence  lOOr 

100 
70000 

'-Sr  =  70000,  and  r  = =  ^'.736  16s.  lO-^-^d.  Ans. 

95 

12.  A  man  lays  out  30  cents  for  apples  and  pears,  buying  his  ap- 
ples, at  4,  and  his  pears,  at  5  for  a  cent,  and  afterwards  sold  \  of 
his  apples,  and  \  of  his  pears  for  13  cents,  which  was  the  prime  cost : 
I  demand  the  number  he  bought  of  each  ? 

Let  r  —  the  number  of  apples,  and,  »  =  the  number  of  pears  ;  then, 

r 
if  4  apples  cost  a  cent,  r  v/ill  cost  —  cents,  and  for  the  same  reason 

4  z  will 
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%  r       z, 

»  will  cost  —  cents,  and  we  shall  have  —  H =  30,  for  one  funda- 

5  4      5 

r  r 

mental  eq^uation.     Again,  the  price  of  —  =  •*-  of  his  apples  will  be  — , 

2  8 

z  z  r         X. 

and  the  price  of  —  =  j  of  his  pears  will  be  —  ;   hence  —  +  —  =13, 
3      '^  15  8       15 

r        z 
for  another  fundamental  equation.     Now,  cross  multiplying  —  +  — 

4       5 
=  30,  and  then  multiplying  30  by  4  and  5  we  shall  have  the  first 

r        z 

equation  =  5r-\-^zzz600  ;  and  doing  the  same  by h  —  =  1 3,  we  havC 

8  15 
the  second  equation  =  I5r-t8z  =  1560.  Subtrad  the  second  equation 
from  three  times  the  first,  and  we  shall  have  the  third  equation  =  4ii' 
=  240,  therefore,  fourth  equation  =  s  =  60  the  number  of  pears  : 
Now,  substitute  60  for  »,  that  is,  2i0  for  4zy  in  the  first  equation. 
5r+42i— 600,  we  shal  have  5r=24()  =  600,  whence,  equation  fifth  shall 
r=  72  =  the  number  of  apples. 

QUADRATICK  EQUATIONS. 

A  Simple  Quadratick  Equation  is  that^  which  involves  the  square 
•f  the  unknown  quantity  only. 

An  Adfeded  Quadratick  Equation  is  that  which  involves  the 
square  of  the  unknown  quantity,  together  with  the  produft,  which 
arises  from  multiplying  it  by  some  known  quantity. 

Thus,  a'r'^—by  is  a  simple  quadratick  equation,  and  ^r--{-^r=^  is  an 
adfevfled  quadratick  equation. 

All  adfected  quadratick  equations  fall  under  the  three  following 
forms. 

1st.  r'^+ar  =  b.  2d.  r'^-^ar  =  b.  Sd.  r'^^ar  =  —b.  And  the  rule 
for  finding  the  value  of  r,  in  each  of  these  equations,  is  as  follows  : 

Rule*  1.  Transpose  all  the  terms,  which  involve  the  unknown 
quantity,  to  one  side  of.  the  equation,  and  the  known  terms  to  the 
other  side,  and  let  them  be  ranged  according  to  their  dimensions, 

2.  When 

*  The  fquare  root  of  any  quantity  may    be  either  -|-  or  — ,  and  therefore  a'l 
quadratick  equations  admit  of  two  folutions.     Thus  the  fquare  rootoi"  -f/i»  is-f-. 
or  —  H,  for  4-  «  X  -\-  «>  or  —  «  X  —  «.  ^ne  each  equal  to  -f-  «i.      So  in  the  iirlt 


form,  where  r  -|-  —  i»  found  =  ^i>  -\ ,  the  root  mav  be  either  +  j^^I  h ,  or 

4  j^ 

I        ^                                                                                                                                           a  ^ 
— y^H ,  fince  eitlicr  of  them  being  multiplied  by  itfelf  will  produce/-) 

And  this  ambijfulty  is  expreffcd  by  writinj^  the  uncertMn  fign  +.  before  ^1+ ; 

-I  ' 
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2.  When  the  squure  of  the  unknown  quantity  has  any  coefficient 
pretixed  lo  it,  let  all  the  rest  of  the  terms  be  divided  by  that  coeffi- 
cient. 

3.  Add  the  square  of  half  the  coefficient  of  the  second  term  to 
both  sides  of  he  equation,  and  that  side,  which  involves  the  un- 
known quantity  will  he  a  cort^plete  square. 

4.  Exiiatfl  the  square  root  iVom  both  sides  of  the  equation,  and 
the  value  of  the  unknown  quantity  will  be  determined. 

Notei'l.  The  square  root  of  one  side  of  the  equation  is  always 
equal  to  the  unknown  quantity,  with  halt  the  coefficient  of  the  sec- 
ond term  subjoined  to  it.^ 

2.  All 


thus  r  = +:  i\/b-\ .     In  the  firft  form,  where  r=  ±_  \/H the 

4  2  4  2 


I         a  2         a 

firft  value  of  r,  vl;;.  r  =  -j-  y'^H is  always  aihrmatlve. 

4 


r        '         a 

The  fecond  value,  viz.  r  =  —  V'-^H >  will  always  be  negative^  becaufe 

4  2 

it  is  conr^ifod  of  two  negative  terms  ;  therefore,  when  r'^-i-ar  =  b,  we  fhall  have 
f      7"  a  •  f       a  2"         a 

r=z+  \/d-\ •■  for  the  affirmative  value  of  r,  and  r  =  —  /^6-\ ,  for 

4  2  4  2 

die  negative  value  of  r. 

C      a2         a 

In  the  fecond  form,  where  r  —  ±_V^-i 1 .  the  firfl:   value,  viz.r  t=  -f 

4         2 


j^l,^ [  —  is  always  affirmative,  fince  it  is  compofed  of  two  affirmative  terms, 

4         2 

f      ^  a 

and  the  fecond  value,  viz.  r  = —  ^S-i 1 will  always  be  negative  ;  there- 


fore  when  r^ — ar  =b,  we  fliall  have  r  =  -f-  \/^6-i 1 ,  for  the  affirmative 

4  2 


Yalue  of  r,  and  r  =  —  A^hJ^ 1 ,  for  the  negative  value  of  r. 

4  2 

'«'''  a 

In  the  third  form,  where  r  =  -v/ ^H »  both  the  values  of  r  will  be  pofi- 

4  2 

tive,  fuppofing  —  to  be  greater  than  b.     Therefore  when  r*^ — ar  —  — b.  We  fliall 

a 
(a~  a  fa'i  a 

have  r  =  -}-  V ^H ,  and  —  V b -\ ,  both,  for  the  affirmative  val- 

4  2  4  2 

tie  of  r. 

But   in  this  third  form,  if  b  be  greater  than  — ,  the  folution  of  the  propofeicl 

4 
queftion  will  be  impoffible.    For  fince  the  fquareof  any  quantity  is  always  affirrtf- 
ative,  the  fquare  root  of  a  negative  quantity  is  impoffible. 
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2.  All  equations,  wherein  there  are  two  terms  Involving  the  un- 
known quantity,  and  the  index  of  one  is  just  double  that  of  the  other, 
are  solved  like  quadraticks,  by  completing  the  square. 

Thus,  r'^+ar'^=iff  or  r"+ar^=l?j  are  the  same  as  quaaralicks,  and 
the  value  of  the  unknown  Ijuantlty  may  be  determined  accordingly. 

From  this  iHile  may  be  forhied  a  general  theorem,  with  which  all 
particular  equations  may  be  compared,  and  by  means  whereof  they 
may  be  more  readily  resolved. 

"Suppose  ar'^=br+c  be  the  general  quadratick  equation  proposed  to 
be  resolved  ;  where  «,  by  and  c  denote  known  integral  quantilies, 
whether  affirmative,  or  negative,  and  r=the  unknown  quantity  ;  to 
find  the  values  of  r  in  this  equation. 

Here,  transposing  ^r,  we  have  ar^ — ir=Cf  then  dividing  by  j,  in 
order  to  free  r^  the  highest  power  of  r  from  its  coefficient,  we  have 

br        c                                                                             br 
r^ =  — ;  this  being  done,  the  first  side,  r*^ may  be  con- 
fit       «                                                        '              a  . 
sidered  as  an  imperfe(5t  square  raised  from  a  binomial  root,  and  ac- 
cordingly we  may  complete  that  square  by  adding  the  square  of  half 

bb 
the  coefficient  of  the  second  term  :  but  if must  be  added  to  the 

first  side  of  the  equation,  to  complete  the  square,  it  must  be  also  ad- 
ded to  the  other  side,  to  preserve  the  equality,  otherwise  by  an  une- 
qual addition,  the  equation  would  be  destroyed  j  this  equal  addition 

br       b'' 

therefore  being  naade,  the  €quation  will  stand  thus,  r^ + = 

a      ^a^ 
b'^        c  b''  c 

+  — ;  but  the  two  fra^flions and  —  when    added    give 

^a^        a  4a^  a 

ab'^+^a'^c  b'^+4^ac  br 

^ ,  which  divided  by  a  gives ;  therefore  r" h 

4^'  'la'  a 
b''       b'^+^ac 
= —  ;  therefore  the  square  root  of  one  side  will  be  equal  to 

b'^+lac 

the  square  root  of  the  other  ;  but  the  square  root  of  - ,  as  it 

4fl« 
here  stands  in  letters,  cannot  be  extracted,  because  although  tlie  de- 
nominator 4^*^  be  a  square,  yet  there  is  no  literal  quantity  whatever, 
which,  being  multiplied  into  itself,  will  produce  b'^+4acj  therefore,  to 
put  this  numerator  into  the  form  of  a  square,  let  us  suppose  ^'+4tfr=j/, 

br       h''         u 

iind  then  the  equation  will  be  r' + = ;  but  the  square 

if        4«'^      4rr'' 
3.,.I.  root 
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hr       IP"  h  ss  s 

root  of  r*^ 4- Is  r ,  and  that  of is  +  — ,  therefore 

a       4«^  2^  ^a^  la 

this  equation  will  now  be  reduced  to  a  simple  one,  and  will  stand  thus, 
b  s  h^s  i+s  b — s 

r =  _±  — '  therefore  r  = ,  that  Is,*r  = and  r  = . 

'la  ^la  2a  '2a  2a 

Note.  When  the  quantity  c  (and  consequently  A-ac)  is  negative,  the 
quantity  jj,  oxb'^-'rAac  must  be  considered  as  the  sum  ot  the  affirma- 
tive quantity  b'^  and  the  negative  one  4^^,  when  added  together  ac- 
cording to  the  common  rules  of  Addition. 

Examples  of  the  resolution   of  Adjected  Equations  iv'ith  and  <wtthout  the  gen- 
eral Theorem, 

1.  Given  r'^  =  110 — 4r,  to  find  the  values  of  r. 

First,  transposing  — 4r,  it  Is  r^+ir  =  140,  then,  r^+4r+4=144 
by  completing  the  square  ;  then  >y/r'H4r+4=  >v/  144,  by  extrafting 
the  root  ;  or  r+2=  +  12,  that  is,  r  =  — '2+_12  =  +  10,  or  —  14. 
•  By  the  general  Theorem,  a,  in  the  general  Theorem,  answers  to  1 
in  the  particular  one,  that  is  to  the  coefficent  of  r^,  b  answers  to  4, 
and  c  to  140,  that  \sa—\,b  =  — 4,  c  =  1 40,  and  ^ac  =  .560,  therefore 
ssy  or  b'^-\-4'ac  will  be  the  sum  of  16  and  560  =  576,  therefore,  s  =  24, 
l+s   —4+24  b—s     —4—24 

= =  +  10,  and = =  —  .14  ;  therefore  the  two 

2a  2  2a  2 

roots  of  this  equation  are  10  and  — 14. 

2.  Given  r'^+S  =  6r+80,  to  find  r. 

First,  r'^ — 6r  =  72,  by  transposition  ;  then  r^ — 6r+9  =  72+9=  81, 
by  completing  the  square,  and  r — 3  =  \/S\.  =  +.  9,  by  extradllng  the 
root,  therefore  r  =  +3  +_  9  =  +12,  or  — 6. 

By  the  Theorem.     ^  =  1,  ^  =  6,  c  =  12,  and  ^ac  =  288,  therefore 

b^-s  b—s 

ss=  36+28cS  =  324,  therefore  x  :=  18, =  12,  and =  —6. 

2a  2a 

3.  Given  2r^— 20=  70— Sr  to  find  r. 

First,  2r-+8r  =  70+20  =  90,  by  transposition,  then  r^+4r  =  45,  by 
dividing  by  the  coefficient  2,  and  r'^+4r+4=45+4  =  49,  by  completing 
the  square  ;  whence  ,r+2  =  V'  49  =  4^  7,  therefore,  r  =  — 2  jf  7  =  5 
or —9. 

By  the  Theorem,     a  =  2,  b  =  —8,  c  =  90,  ^ac  =  720,  ss  =  64+720 
b+s  b — s 

=  784,  therefore  .r  =  28,  —  =  +  5, =  —  9,  so  that  +  5,  and  —9 

2a  2a 

are  the 'value  of  r.*  As 

*  in  a  quadratlck  equation  of  this  form  ar'^  =  br-^c,  the  fum  of  the  roots  will 
always  be  — ,  and  the  produift  of  their  multiplication  —  ;  therefore,  if  a  =  l,that 

a  a  ^ 

is,  if  the  equation  be  r^  =  hr-\-c,  the  fum  of  the  roots  will  be  ^,  and  their 
product  — c,  or  the  fum  will  be  the  coefficient  of  the  unknown  quantity  on  the 
fecond  fide  of  the  equadon,  and  their  produvn:,  what  is  called  the  abfolute  term, 
with  its  fign  changed. 
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As  the  general  Theorem  is  sufficiently  exemplified  in  the  preceding 
proDlems,  the  following  equations  v/^l  be  solved  by  the  Rule  only. 

4.  Given  :3r^ — t^r+6  =  5^,  to  find  r. 

Here  r'^ — r+2  =  ll  by  dividing  by  3,  and  r^ — r  =  1  ^ — 2,  by  trans- 
17  11 

position  ;    also   r^ — r  +  —  =  1 2-f  —  =  —  bv  completing  the 

4  9  4      3G    ' 

1 
square  ;  and  r — ~  =  y'  —  —  ±.h  by  evolution  ;  therefore  r  =  +2±- 
36 

,5.  Given +  20^  =  42|,  to  find  r. 

2         3 

Here  — < —  =  42|  —  20-J  =  22},  by  transposition,  and  r'^ 

2         3  3 

2r 

=  443-,   by  dividing  by  3-,   whence  r^ +9  =  444+7'-  =  44  y,    by 

3 
completing  the  square,  and  r— -^  =  V'  "^"^'J  =  ±_  6|,  tlierefore  r  =  +| 
+  6|  =  7,  or  —64. 

6.  Given  ar'^+ir  =c,  to  find  r. 

^  ^  ^  I,''        c         P 

First,  r^+  —  r  =  — ,  by  division  ;  then  r"+  —  r  + =  —  + j 

a  a  a  4a-       a      4^^ 

by  completing  the  square  ;  and  r  +  —  =  ^^  —  + =  ^ ,  by 

2a  a       W  [.•- 

fiac+l^  h 

evolution,  therefore  r  =+  -y/ " — . 

"         ia'  2a 

7.  Given  ar"^ — l/r+c  =  d^  to  find  r. 

h         d^c 

Here,  «r* — hr  —  d — c,  by  transposition,    and  r- r  = by 

a  a 

division. 

h  h''       d-c      I'' 

Also,  r^ r  + = + by  ^completing  the  square  ;  and 

a         4^*^         a        4d^ 


h  Cd—c     V'  b  (d—c     b' 

r =±.'\/ + »  by  evolution ;  therefore  r= — ±^>/ + . 

2a  a       4a^  2a  a        Vn" 

«.  Given  r'^-^2ar'^  =^,  to  find  r. 

Here,  r'*+2rtr'^+a^=^+a'S  by  completing  the  sqiiure,  and  ;     .  ... 
^ /'+rt'^^J||^volution  J  whence  r*  =  >y/ ^-Hrt'^ — «,  and  consequently 

r  =  x/^:  ^+n'—a. 

n 

0.  Given  ar" — Ir'-^ — c  =  —  </,  to  find  r. 

First, 
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b 

First,  fl-r"  — Ir^  =  c — ^,  by  tr^sposition,  and  r" r^  = 

a 
h     „        I''       c—h       h"" 
division.     Also,  ;" r^  + = + ,   by  comple 

— ,by 

a 

ting  the 
3re  r^  = 

-          „          h            fc~d        h' 

square,  and  r^ =  ^ + ,  by  evolution  ;  theref 

^  2«              a         4^2 

h            fc—d       b'                                           h             \c—d       b'' 

—  +  -v/ + and  consequently  r= — '•  +  \^ + 

2a             a           4fl^                                     2a               a         ia'^ 

2 

QUESTIpNS  PRODUCING  QUADRATIcfe  EQUATIONS. 

1.  To  find  two  numbers,  whose  difference  is  8,  and  produdl  240, 
Let  r=  the  leastnuraber,  then  will  H-8=^taie  greater,  arid  rXr+8  =  r^+ 

8/-  =  240  by  the  question  ;  whence  r^+8/^l  6  =  240+16  =256  by  com- 
pleting the  square  ;  also  r+4  =  a/  2^6  =  {6,  by  evolution,  and  there- 
fore r=  16 — 4  =  12=  the  least  number,  and  12+8  =  20=  the  greater. 

2.  To  divide  the  number  60  into  two  such  parts,  as  that  their  pro- 
jju(5l  may  be  864. 

Let  r  =  greater  part,  then  will  60 — r  =  the  less,  and  rX60 — r=.(50r 
—  r'^  =  864,  by  the  question,  that  is,  r^-— 60r  =  — 864  ;  whence  r* 
■— 60r+900  =  —864+900  =  36,  by  completing. the  square  :  also  r— 
30  =  -v/36  =  6,  by  extrading  the  root;  therefore  r  — 6+30=36  = 
greater  part,  and  60— r  =  60 — 36  =  24  =  the  less  part. 

3.  Sold  a  piece  of  cloth  for  ;^.24  and  gained  as  much  per  cent,  as 
the  cloth  cost  me  :  what  was  the  price  of  it  ?        '•  • 

Let  r  =  pounds  the  cloth  cost,  then  24 — r  =  whole  gain,  but  100 
:  r  ::  r  :  24—r,  by  the  question,  or  r^  =  100x:?4— r  =  2400— lOOr, 
that  is,  r^+100r=2400;  whence  r^+lG0r+2500=  2400+2500  = 
4900,  by  completing  the  square,  andr+50  =  ^^4900=  70  by  extrac- 
tion  of  roots,  consequently  r  =  70 — 50  =  20  =  price  of  the  cloth. 

4.  A  person  bought  a  number  of  oxen  fox  D.320  and  if  he  had 
bought  four  more  for  the  same  money,  he  would  have  paid  D.4  less 
for  each  :  how  many  did  he  buy  ? 

320  320 

Suppose  he  bought  r  oxen,  then =  price  of  each,  and  - —  = 

>  -  ;-  r+4} 

320     320 

price  of  each,  if  r+4  had  cost  D.320.     But = +  4,   by  the 

r        r+4 
320r 

question,  or  320  = +  4r,  or  320r+'l280  =  320r+4r^+16r,  that  is, 

r+4 
4r*  +  16r=  1280;  whence  4r"4-]6r+16=  1289+16=  1^.  by  com- 
X)leting  the  square,  and    2r+4  = -/ 1 296  =  36,   by   evolMon,  conse- 

32 
quentiy  2r  =  36—4  =  32,  and  r  =  —  =i6  =  number  of  oxen  required. 

2  5.  What 
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5.  What  two  nuMbers  are  those,,  whose  sum,  produ<S  and  difFer- 
ence  6f  their  squar"  are  all  equal  to  each  other  ? 

Let  r  —  greater  number,  and  u  —  less  j  then  \      "  ^I  '^a 2  f  t>y 

the  question,  and  1  = =  r — «,  or  r  =  «+l,  from  the  2d  equa- 

r+w 

tion  ;  also  «+l+«  =  t/+lXa,  from  tlie  first  equation  ;  or  2«+l  —  u^+u, 

that  is,  u^ — uz=:  1  ;  whence  u^ — u-h^  ■=  1^,  by  completing  the  square  : 

5       ^/5  ^5 

also  u — i  =  -v/  ^t  =  \/  —  = hy  evolution,  consequently  u  = 

4  2  2 

-/5+1  a/ 5+3 

■¥\= ■■  -,  and  r  =  u+l  — . 

2  2 

6.  There  are  four  numbers  in  Ari'thmetical  Progression,  whereof 
the  produdl  of  the  two  extremes  is  4  5,  and  that  of  the  means  77  : 
what  are  the  numbers  ? 

Let  /*=  less  extreme,  and  u  —  common  difference,  then r,  r+«,  i-f  2a, 
r+3«  will  be  the  four  numbers,  and 

lr+«Xr+2«  =  r^+3rM+2«'2=77J         " 

32 
. — 45  =  32,  and  m*^  =  —  =  16,  by  subtract  ion  and  division,  or  «  =  a/ 

2 
16  =4  by  evolution;  therefore  r^+3rM  =  r'^+12r  =  45,    by  the  first 
equation  ;  also  r"+12r-H36  =  45+ .'56  =81,  by  completing  the  square, 
and  r+6  =  \/81  =  9,  by  the  extraction  of  roots,  consequently  r  =  9 
— 6  =  3,  and  the  numbers  are  3,  7i  11  and  15. 


RECAPITULATION  OF  THE  PRINCIPLES  'OF  ARITH^ 
METICK  AND  ALGEBRA. 

Axiom  \.  Since  whole  numbers  increase  in  a  decupl#  proportion, 
10  is  the  universal  ratio  of  any  scries  of  numbers  whatever  ;  and  the 
reason  for  carrying  at  10  in  Addition  and  Multiplication  is  self-evi- 
dent, since  10  in  any  place  to  tlie  right  is  equal  to  1  in  the  next  place 
to  the  left.  Hence  also  the  reason  for  carrying  according  to  the  sub- 
divisions of  any  integer  when  several  denominations  are  to  be  added. 

Axiom  2.  If  two  whole  number^  be  equally  increased,  their  differ- 
ence is  always  the  same.  Hence  the  reason  of  borrowing  10  in  one 
place  to  the  right,  and  paying  it  back  by  carrying  one  to  tlie  next 
place.  Hence  likewise  the  reason  will  be  evident,  for  placing  the 
first  figure  to  the  riglit  of  the  produ^ft  of  every  particular  multiplier 
iJiiectly  belj^fkp  own  multiplier. 

Axiom  3ipRe  muliipllcand  will  be  increased  or  diminished  in  piOv 
portion  to  the  ^  mull Iplier,  when  the  same  multiplicand  Is  used  — 
Hence  the  reawn  why  the  muliipllcand  is  increased,  when  it  is  mul- 
tiplied 
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tiplied  by  any  thing  greater  than  unity,  and  deqifcsed,  when  It  is  mul- 
tiplied by  a  fradion.  ^ 

••^  xiOM  4.  The  dividend  will  be  increased  or  diminished  in  propor- 
tion to  the  divisor,  when  the  same  dfvidend  Is  used.  Hence,  to  di- 
vide by  any  thing  greater  than  unity,  will  quote  a  number  less  than 
the  dividend  ;  and,  on  the  contrary,  to  divide  by  any  thing  less  than 
unity,  will  quote  a  number  greater  than  the  dividend. 

Axiom  5.  The  whole  is  equal  to  all  its  parts  taken  together. — 
Hence  one  sum  may  be  made  equal  to  several  by  Addition,  and  Sub- 
traction may  be  proved  by  adding  the  difference  to  the  least  given 
sum. 

Axiom  6.  If  equal  quantities  be  added  to,  taken  from,  multiplied 
or  divided  by,  equal  quantities,  the  sums,  remainders,  produds,  and 
quotients,  will  respeftively  be  equal.  Hence  the  reason  of  reducing 
equations  by  Addition,  Subtradlion,  Multiplication,  and  Division,  and 
of  abridging  commensurable  terms,  and  cancelling  equal  quantities 
land  numbers. 

Axiom  7.  To  multiply,  or  divide,  any  quantity  or  number  by 
other  quantities  or  numbers  continually,  is  the  same  as  to  multiply 
by  the  produd  of  those  other  numbers.  Hence  the  reason  of  mul- 
tiplying or  dividing  by  component  parts. 

Axiom.  S.  If  four  numbers  or  quantities  be  proportional,  tile  red- 
angle  or  produd  of  the  extremes  will  be  equal  to  the  produft  of  the 
means  ;  and  vice  versa^  If  the  produd  of  the  extremes  be  equal  to  that 
of  the'means,  the  number  or  quantities  are  proportional. 

Axiom  9.  The  quotient  of  any  two  succeeding  powers,  when  the 
next  higher  Is  divided  by  tlie  next  lower,  exhibits  the  root  of  these 
pov/er?.  On  the  contrary,  if  any  power  be  multiplied  by  the  root 
of  that  power,  the  produd  will  be  the  next  higher  power  of  the  root : 
And  if  a  higher  power  be  divided  by  the  root,  the  quotient  will  ex- 
hibit the  next  lower  power.  Again,  if  a  proportional  part  of  a  high- 
er power  be  divided  by  a  proportional  part  of  the  next  lower  power, 
the  quotient  will  exhibit  a  proportional  part  of  the  root.  Hence  the 
first  Hgure  or  figures  in  the  root  of  any  power  being  raised  to  the 
power  next  lower  than  that  whose  root  Is  wanted,  and  that  power 
multiplied  h^  a  number  expressing  the  proportion,  which  the  given 
power  bears  to  its  root,  produces  a  proportional  divisor,  whose  ratio, 
compared  with  the  dividual.  Is  a  proportional  part  of  the  root,  which 
being  annexed  to  the  former  part  of  the  root,  and  raised  to  the  full 
power  of  the  given  number,  will  be  either  the  whole  or  a  proportion- 
al part  of  the  given  power,  discoverable  by  subtraflion,  &c.  Hence 
we  have  a  general  rule  for  extracting  the  root  of  any  power  whatever. 
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SECTION  I. 

Of  the  Ellipsis. 

Definition  1. 
IF  two  pins  be  fixed  at  the  points  F,  S  ;  and 
a  thread  PSFP,  put  about  them  and  knotted  at 
P  ;  then  if  the  thread  be  draun  tight,  and  the 
point  P  and  the  thread  be  moved  about  the  fixed 
centres  F,  S  ;  the  point  P  will  describe  the  curve 
PD/BEAP,  called  an  Ellipsis.     See  Fig.  1. 


Def.  2.  The  points  or  centres  F,  S,  are  called  the  foci, 

Def.  3.  The  line  A,  B,  drawn  through  the  foci  to  the  curve,  is  call- 
ed the  transverse  axis. 

Def.  4'.*'The  point  C  in   the   middle  of  the  axis  AB,  is  the  centre. 

Def  5.  The  line  DE,  (drawn  through  the  centre  C)  perpendicu- 
lar to  the  transverse  AB,  is  called  the  conjug   ':  axis. 

Fior.   O 

Def  6.  Any  line  TO,  drawn  through  the  cen- 
tre C  to  the  curve,  is  called  a  diameter.  And  the 
extremity  T  (or  O)  its  vertex. 

Def  7.  If  TO  be  a  diameter,  then  the  diame- 
ter GK,  drawn  parallel  to  the  tangent  at  its  ver- 
tex T,  is  called  its  conjugate.  And  the  two  di- 
ameters TO,  GK,  are  said  to  be  /v  "-n  r„/^r  to  one 
another. 

Def  8.  The  line  LR  (drawn  througli  ihc  focus  F,  perpendicular  to 
the  transverse  axis  AB,)  is  called  l\\e parameter  ov  latus  rectum. 

Def.  9.  A  line  drawn  from  any  point  of  the  curve  (as  HI)  perpen- 
dicular t(^  the  transverse  axis,  is  called  an  ordinate  to  the  transverse. 
And,  in  general,  any  line  drawn  from  the  curve  to  any  diameter  TO, 
parallel  to  m  conjugate  GK,  (as  HN,)  is  an  ordinate  to  tliat  principal 
diameter,  TO.  If  it  go  quite  through  the  figure,  as  Why  it  is  calle^l 
a  double  ordinate. 

Df.  10. 
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Di'f.  10.  A  right  line  meeting  the  ellipsis  in  one  point  T,  but  not 
cutting  it,  is  called  a  tangent  to  it  in  that  point,  as  TM. 

Def.  11.  The  part  of  the  diameter  between  the  vertex  and  the  or- 
dinate, is  called  the  abscissa,  TN,  AI.  And  the  vertex  is  the  extrem- 
ity of  any  diameter. 

Proposition  I.  The  sum  of  the  lines  FP,  SP  drawn  from  the 
foci,  to  any  point  of  the  curve,  is  equal  to  the  transverse  axis  AB. 
See  Fig.  1. 

For  by  construdion,  PF+PS=AF-f-AS=AF+AF4-FS=:2AF+FS. 
And  the  same  PF+PS=2BS  +  FS;  therefore  2AF+FS=2BS  +  FS, 
and  2AF=:2BS,  or  AF=BS.  Whence  PF-|-PS=:2AF+FS=AF 
+  BS-fFS  =  AB. 

Cor.  The  two  foci  are  equally  distant  from  the  vertices,  and  also 
from  tlie  centre  :  AF=BS  ;  and  FC=:SC.  For  it  is  proved  that  AF 
=BS  ;  and  since  AC=CB  (Def.  4.)  therefore  AC— AF=CB— BS,  or 
FC=SC. 

Prop.  II.  A  line,  drawn  from  the  end  of  the  conjugate  axis,  t» 
the  focus,  is  equal  to  half  the  transverse  ;  DF=CA.     See  Fig.  3. 

Fig.  3. 

Draw  DS  to  the  other  focus.     Then  the  two  D 

right  angled  triangles  CDF  and  CDS  are  simi-       /"^TV^N, 
lar  and  equal.     For  SC=CF,  the  angles  at   C      /    /..r''\\\ 

are  right,  and  CD  common  :    therefore  SD=  g? d^-~^ tTj-^ 

DF  ;  and  since  the  sum   SD-{-DF=:the  trans-     V    *^      p       \  J 
verse  (Prop.   1,)   one  of  them  DF  =  half  the       \^^  1/ 

transverse  CA.  ^^fr""^^ 

CoR.  The  distance  of  the  foci  is  a  mean  proportional  between  the 
sum   and  difference  of  the  transverse   and  conjugate  axis,    SF^= 


BA^-DExBA— DE;  ForCA^^^DF'^^DC^+CF^  ;  and  CF^= 
CA^— CD^=CA+CDXCA— CD;  and  4CF2  or  SF2=2CA+2CD 
X2CA— 2CD. 

Prop.  III.  The  rectangle  of  the  focal  distances,  from  either  ver- 
tex, is  equal  to  the  square  of  the  semiconjugate  :  AFxFB=DC^. 
See  Fig.  3.  

For^  DC'^^^DF'^— CF'^r=  (Prop.  2.)  CA^— CF'2=CA+CF  X 
CXIICF=:  BC+ CFxC  A— CF=:BFxF  A. 

Prop.  IV.  As  the  transverse  axis  to  the  conjugate,  so  the  conju- 
gate to  the  latus  rcdum  of  the  transverse  :  AB  :  DE  ::  DE  :  LR. 
See  Fig.  3. 

For  SL-|-LF=:BA=2CA  (Prop.l.)  ;  and  SL=2CA— LF,  and,by 
squaring,  SL^=4CA^— 4CAxLF.f.LF^  And  in  the  right  angled 
triangle  SLF,SL^=SF^-f.LF2  ;  whence  4 AC2—4CAxLF-f-LFS 
=SF^-f.LF2,  and  4AC^— 4CAxLF=rSF'^=4CF*  and  4AC^=4CA 
xLF+4CF^=.4CAxLF4-4DF'^— 4DC^alid4AC2-f4DC^=4CAx 
LF+4DF2 ;  but  CA^=DF'^  (Prop.2.)j  therefore  4DC^=4CAxLF= 
2CAX2LF  ;  that  is,  DE^=BAxLR. 

Cor.  2. 
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Cor.  1.  As  the  semitransverse  is  to  the  semi  conjugate,  so  the  semi- 
conjugate  to  half  the  latus  redum  ;  CA  :  DC  ::  DC  :  LF. 

CoR.  2.  As  the  semitransverse,  to  the  distance  of  the  focus  from 
the  centre  ;  so  is  the  same  distance,  to  the  difference  between  the 
semitransverse  and  half  the  latus  redum  :  FC'^=CAxC  A — LF. 

ForCF2=DF«— DC^=CA«— CD'^=CA^— CAxLF. 

Cor.  3.  The  redangle  PFA  =  half  the  transverse  x  half  the  latus 
ledum  =  CAXFL.     By  Cor  1.  anc  Prop.  3.     See  Fig.  3. 

Scholium.  Since,  as  the  transverse  axis  is  to  the  conjugate,  so  the 
conjugate  to  the  latus  redum,  of  the  transverse  axis.  Therefore,  in 
any  other  diameters,  the  third  proportional,  to  the  diameter  and  its 
conjugate,  is  called  the  latus  re&um  of  that  diameter. 

Prop.  V.  From  any  point  M  in  the  curve,  drawing  the  lines  MF, 
MS,  to  the  two  foci ;  and  the  ordinate  MP  perpendicular  to  the  tran^^ 
verse  axis  BA  ;  it  will  be, 

As  the  semitransverse  CA  : 

To  the  distance  of  the  focus  from  the  centre,  CF  :: 

So  the  distance  of  the  ordinate  from  tlie  centre,  CP  : 

MS— MF 

To  half  the  difference  of  the  lines  MF,MS,  or 

For,  make  SD  =  C A,  then  SM  =  CA+DM, 
and  FM=2CA— SM=C A— DM.  In  the  right 
angled  triangle  SMP,  SM^  or  CA^-h2CAxDM 
^DM-^  =  SP^+PM^  =CF+CP^+PM'^  =  CF2+ 
2CFXCP+CPHPMS  and  in  the  right  angled  " 
triangle  FMP,  FM^  or  CA^— 2CAxDM+DM^ 
=FP^+PM^=CF— CPHPM'^=CF'^— 2CFxCP 
+CP*+PM*  ;  then  subtrading  the  latter  equa- 
tion from  the  former,  SM*— FM^=4CAxDM=4CFxCP,  and  CFx 
CP=CAxDM.     But   since  SM  =  C A+DM,  and  FM  =  CA— DM  ; 

SM— FM 

therefore  SM— FM=2DM  j  therefore  CFkCP=CAx . 

2 

CoR.  1.  If  FS  be  the  foci,  MP  an  ordinate  ;  then  it  is  CA  :  CF 
::  CP  :  CA  ^MF  or  SM— CA.     See  Fig.  4. 

For  CFxCP=C  \xDM,  and  DM=SM— CA=CA— FM. 

Cor.  2.  If  F,  S,  be  the  foci,  MP  an  ordinate  ;  then  the  differencfe 
of  the  squares  of  the  lijies  SM,FM  ;  that  is  SM*— FM*=:4CFxCP. 

Cor.  3.  If  F,S,  be  the  foci,  MP  an  ordinate  ;  then  CAxSM— FM 
=2CFxCP. 


ForSM^lFW=SM+FMxSM— FM=2CAxSM— FM=4CFxCP, 
and  CAxSM— FM=2CFxCP. 

Scholium.  If  PM  fall  on  the  other  side  of  F,  as/m,  then/F=C/ 
— CF,  and  its  square  the  same  as  before,  and  the  rest  of  the  demon- 
stration the  same. 

Prop.  VI.  Tf  an  ordinate  MP  be  drawn  to  the  transverse  axis;  it 
will  be, 
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As  the  square  of  the  transverse,  B  A'^  : 

To  the  square  of  the  conjugate,  NE^  :: 

So  the  re»5i angle  of  the  segments  of  the  transverse  BPA  : 

To  the  square  of  the  ordinate,  PM^.     See  Fig.  4. 

For  make  SD=CA,  then  DM  is  half  the  difference  of  SM  and 
MF  ;  therefore  by  Prop.  5.  CA  :  CF  ::  CP  :  DM,  and  CA  :  CA+ 
CF  or  BF  ::  CP  :  CP+DM,  and  CA  ;  CP  ::  BF  :  CP+DM,  and 
CA  :  CA+CP  or  BP  ::  BF  :  BF+CP+DM.  But  BF=BC+CF=SD 
+CF;  and  BF4-CP-I-DM=SD+CF+CP+DM=SMh-CS+CP=SM+SP; 
whence  CA  :  BP  ::  BF  :  SM+SP.  Again,  since  CA  .-  CF  ::  CP  : 
DM  ;  then  CA  :  (CA— CF)  AF  ::  CP  :  CP— DM  ;  and  CA  :  CP 
::  AF  :  CP— DM.  And  CA  :  (CA— CP)  PA  ::  AF  :  AF-CP+ 
DM.  But  AF=CA— CF=SD— SC  ;  therefore  AF— CP+DM=SD 
— SC— CP+DM=SM-~SP;  therefore  CA  ;  PA  ::  AF  :  SM— SP, 
and  we  had  before,  C  A  :  BP  ::  BF  :  SM+SP  ;  then  multiplying  these 
proportions  together,  we  have  CA^  :  BPxPA  ::  BFxFA  :  SM'^— SP^. 

But  (Prop  3.)  BFxFA=CN^;  and  SM^— SP2=PM'^  ;  therefore 
CA^  :  BPA  ::  CN^  ;  PM'^  or  alternately,  CA^  :  CN^  ::  BPA  : 
PM^  or  BA-^  (^CA*^)  :  NE^  (4CN^)  ::  BPA  :  PM^ 

Cor.  1,  CA*  :  CN»  ::  BFA  :  PM\ 

Cor.  2.  As  the  transverse  BA  :  to  its  latus  re<flum  ::  So  the  redt- 
angle  BPA  ;  to  square  of  the  ordinate  PM*. 

NE* 

For  (Prop.  4.)  latus  return  =• ,  whence,  since  BA*  :  EN*  :: 

AB 
NE* 

BFA  :  PM%  therefore,  BA  : or  latus  re(flum  ::  BFA  :  PM\ 

BA 

,CoR.  3.  The  recflangles  of  the  segments  of  the  transverse  are  as 
the  squares  of  the  ordinates. 

For  every  redangle  is  to  the  square  of  its  ordinate,  In  the  given 
ratio  of  Ca*  to  CNSor  of  BA  to  the  latus  redum. 

Con.  4.  As  the  square  of  the  semitransverse  CA*  : 

Rectangle  of  the  focal  distances  from  vertex  BFA  :: 

So  redangle  of  the  segments  BPA  : 

To  square  of  the  ordinate  PM*. 

SECTION  II. 
Of  the  Parabola. 

Definition  1.  If  one  end  of  a 
thread,  equal  In  length  to  CH,  ^ 
be  fixed  at  the  point  F,  and  the 
other  end  fixed  at  H,  the  end  of 
the  square  DCH.  And  if  the 
side  CD  of  the  square  be  moved 
along  the  right  line  BD,  and  al- 
ways coincide  with  it,  then  if  the 
string  FGH  be  always  kept  tight, 
and  close  to  the  side  GH  of  the 
square,  the  point  or  pin  G  (where 
it  leaves  the  square)  will  describe  a  curve  MRALGK  called  a  Para- 
bolat     See  Fig.  5.        '  '  Def,  2. 


Fig.  5. 
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Def.  2.  The  fixed  point  F  is  called  xh^  focus. 

Def.  3.  The  right  line  BD  is  called  the  direBrix. 

Def.  4<.  If  the  line  BN  be  drawn  through  the  focus  F,  perpendic- 
ular to  BD  ;  then  AN  is  called  the  axis  of  the  parabola,  and  A  the 
vertex.  • 

Def.  5.  A  line  drawn  through  the  focus  F,  perpendicular  to  the 
axis,  as  LR,  is  called  the  parameter  or  latus  reElum.. 

Def.  G.  Any  line  drawn  within  the  curve,  parallel  to  the  axis,  as 
GH,  is  called  a  diameter.  And  the  point  G,  where  it  cuts  the  curve, 
is  the  vertex. 


Fi?.  6. 


Def.  7-  A  right  line  drawn  from  any  di- 
ameter to  the  curve,  and  parallel  to  the 
tangent  at  the  vertex,  as  PM,  is  called  an 
ordinate.  If  it  go  quite  through  the  curve, 
it  is  called  a  double  ordinate.     See  Fig.  G. 


I 


M 


;  I  y 


Def.  8.  The  part  of  the  diameter  between  the  vertex  and  ordinate, 
as  GP,  is  called  the  abscissa. 

Def  9.  A  right  line,  meeting  the  curve  in  one  point  G,  but  not  cut- 
ting it,  is  called  a  tangent  in  that  point. 


Proposition  I.  If  BD  be  the  direc- 
trix, G  any  point  in  the  curve,  the  line 
GD  drawn  to  the  dire<5liix,  parallel  to  the 
axis,  is  equal  to  the  line  GF  drawn  from 
the  same  point  G  to  the  focus  ;  GD=GF. 
See  Fig.  7. 


For  HG+GF-length  of  the  string  =  HD  ;  Vake  away  GH  from 
both,  and  then  GD=GF. 

Cor.  I.  The  distances  of  the  focus,  and  of  the  dircarix  from  the 
vertex  are  equal.  AB=AF.  For  when  D  is  at  B,  G  will  be  at  A  ; 
consequently  AB=AF. 

CoR.  2.  [f  GP  be  an  ordinate  to  the  axis  ;  then  AP+AF=rFG, 
For  APf-AFi^BP=GD. 

Cor.  3.  FG— FP  =  luilf  the  lalus  redum. 

Prop.  II.  The  distance  of  the  focus  from  the  vertex  is  i  tlie  latus 
reaum  :  AF=JLR=iLF.     See  Fig.  5. 

For  when  the  pin  G  comes  to  L,  then  LF=FB  (Prop.  1.  Cor.  1.) 
PA^^V  '^"^  ^r=^FL.     For  the  same  reason  FA=iFR,  thcicfore 

Scholium. 
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Scholium.  As  the  latus  re(5lum  to  the  axis  Is  four  times  the  dis- 
tance  of  the  vertex  A  from  the  focus  F  :  So  in  any  other  diameter 
GH,  four  times  the  distance  of  its  vertex  from  the  focus,  or  4FG> 
is  called  its  latus  reSum. 

Prop.  III.  The  square  of  any  ordinate  to  the  axis  is  equal  to  the 
re<ftangleof  the  latus  redum  and  abscissa :  PM^=LRxAP.  See  Fig.8. 

Fig.  8. 

A 

For  MF=:AF+AP=(Prop^  2  )  AP  -fiLR, 
and  FP=AP— AF=AP— ^  LR.    And  in  the 
right  angled  triangle  MFP,  MP2=MF^-- 
FP'^  =MF+FPxMF~FP=2APxtLR=:AP  X, 
LR.  '  /  .  \ 

Cor.  1.  If  Fbe  the  focus,  MP^==APx4-AF. 

Cor.  2.  The  abscissas  are  as  the  squares  of  their  ordinates. 

AP  :  AQ  ::  PM^  ;  QN^  For  AP  :  AQ  ::  APxLR  :  AQxLR 
::  PN^  :  QN^ 

Cor.  3.  The  latus  reftum  is  a  third  proportional  to  the  abscissa  and 
ordinate.     AP  :  PM  :  LR  .H-. 

Prop.  IV.  As  the  latus  reftum  to  the  sum  of  any  two  ordinates  ; 
so  their  difference,  to  the  difference  of  the  abscissae.  Lat.  reft.  :  CD 
::  ND  :  PQ.     See  Fig.  9. 

Let  L  =  latus  reftum,  then  (Prop.  3.) 
LxAP^PM**;  and  LxAQ  =  NQ^. 
And  by  subtradion,  LxAQ — LxAP  = 
NQ'^— PM^  J  therefore  L  :  NQ+PM  ;: 
NQ~PM  :  AQ— AP  ;  that  is,  L  :  DC 
::  ND  :  PQ. 

Cor.  1.  If  MD  be  the  axis,  NC  an  or 
dinate  to  it  ;   then  the  reftangle  NDC= 
MDx  parameter. 

CoR.  2,  The  reftangle  NDC  is  every  where  as  MD. 
SECTION  III. 
Of  the  Hyperbola. 


Definition  1.  If  the  ends  of  two 
threads  SPQ,  FPQ,  be  fastened  at 
the  points  S,  F,  and  be  made  to  pass 
through  a  small  bead,  or  pin  P,  and 
knotted  together  at  Q  ;  then  taking 
hold  of  Q,  and  drawing  the  threads 
tight ;  if  the  bead  be  moved  along  the 
threads,  the  point  P,  will  describe  the 
curve  mp  APM,  called  an  hyperbola. 
3ee  Fig.  10. 


Def. 
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Def.  2.  And  if  the  end  of  the  long  thread  be  fixed  at  F,  and  that 
©f  the  short  one  at  S  ;  and  the  curve  NBR  be  described  after  the  same 
manner,  that  curve  ,is  called  the  opposite  hyperbola  ;  and  both  curves 
together,  MAm,  NBR,  are  called  opposite  sections^  or  opposite  hyperbolas. 

Defi  3.  The  two  fixed  points  F,  S,  are  called  the//«. 

Def.  4.  The  line  AB  (passing  through  the  foci,  when  continued) 
contained  between  the  two  parts  of  the  curve,  is  called  the  transverse 
Mxis, 

Def.  5.  The  middle  point  of  AB,  that  is,  C,  is  called  the  centre  of 
t^e  hyperbola,  or  of  the  opposite  sedions. 

Def.  6.  If  VY  be  drawn  through  the  centre  C  perpendicular  to 
AB  ;  and  with  radius  CF,  and  centre  A,  an  arch  be  described,  cut- 
ting VY  in  V,  and  Y  ;  then  VY  is  called  the  conjugate  axis. 

Fig.  II. 


Def.  7.  Any  line  TO  drawn  through  the 
centre  C,  and  terminated  at  the  opposite  sec- 
tions, is  called  a  diameter  ;  and  the  extrem- 
ity T  (or  O)  its  vertex.  And  the  line  dra.wn 
through  the  centre  parallel  to  the  tangent  at 
the  vertex,  is  called  its  conjugate  diameter. 
See  Fig.  10. 


Def.  8.  If  any  diameter  OT  be  continued  with  the  curve,  the  part 
within,  'J^P,  is  called  the  abscissa. 

Def.  9.  Any  line  PM,  drawn  parallel  to  the  tangent  at  the  vertex 
T,  and  terminated  at  the  abscissa  and  curve,  is  called  an  ordinate  to 
that  diameter  TO.  And  if  it  go  quite  through  the  curve,  it  is  called 
a  double  ordinate. 

Def.  10.  The  line  LI,  drawn  through  the  focus  F,  perpendicular 
to  the  transverse  axis  AB,  and  terminating  at  the  curve,  is  called  tlie 
parameter  or  latus  reSlum.     See  Fig.  10. 

Def  1 1 .  If  the  ends  of  the  two  axes  be  joined  by  the  lines  BY,BV  ; 
and  through  the  centre  C,  two  lines  CH,  CG,  be  drawn  parallel  to 
BY,  BV  ;  or  (which  is  the  same)  if  VY  be  placed  at  A,  perpendicu- 
lar to  BA  ;  and  the  lines  CH,  CG,  be  drawn  from  tlie  centre  C, 
through  the  ends  E,D  ;  these  lines  CH,  CG,  are  called  the  asymptotes 
of  the  hyperbola,  or  of  the  opposite  hyperbolas. 

Def.  12.  When  the  transverse  and  conjugate  axes  are  equal,  AC  = 
CV  or  AD,  the  curve  is  called  an  equilateral  hyperbola  or  right  angled 
hyperbola. 

Def  1 3.  A  riglit  line,  which  meets  the  hyperbola  in  one  point  T, 
but  docs  not  cut  it,  as  TH,  is  called  a  tangent  to  it,  in  that  point  T. 
Sec  Fig.  II. 

Def  14.  If  two  opposite  hyperbolas,  KO,  TW,  be  in  like  manner 
described  to  the  transverse  VY  (=  DE,)  and  conjugate  AB  ;  these  aio 
callen  conjugate  hyperbolas^  with  regard  to  the  former. 
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Proposition  I.  The  difference  of  the  lines  SP,  FP,  drawn  from 
the  foci,  to  any  point  P  of  the  curve,  is  equal  to  the  transverse  axis 
AB.     See  Fig.  10. 

For  by  construdion  PS— PF=:AS— AF=AB+BS— AF=  (because 
BS:^AF)   \B. 

CoR.  Hence  CF=CS,or  the  foci  are  equally  distant  from  the  centre. 

1  ROP.  II.  The  square  of  the  distance  of  the  focus  from  the  cen- 
tre is  equal  to  the  sum  of  the  squares  of  the  semitransverse  and  sem- 
iconjugate.     CF^=CA^+C\"'2. 

For,  make  \  L  equal  and  parallel  to  CY,  then  the  radius  CE=CF  ; 
and  in  the  right  angled  triangle  CAE,  CE^=CA^+AE^  ;  that  is, 
CF'^=C  \2+AE'^=CA'^+CY^ 

CoR.  CF^-.AE^=CA2  ;  and  C¥^—CA''=^E''=CY''. 

Prop.  III.  The  redtangle  of  the  focal  distances  from  either  vertex 
is  equal  to  the  square  of  the  semiconjugate,  FAxS  v=CY^. 

For,  making  AE=CY ;  by  the  property  of  the  circle,  FAxAS= 
AE'^=CY.^ 

CoR.  The  redangleof  the  distance  of  either  focus  from  the  two  ver- 
tices is  equal  to  the  squareof  the  semiconjugate,  FAxFB=AE^=CY*. 

For  SB=FA  and  SA^Fti,  whence  SAxFB=FAxSA=AE^ 

Prop.  IV.  As  the  transverse  axis  is  to  the  conjugate  ;  so  the  con-, 
jugate,  to  the  latus  redum  of  the  transverse  ;  AB  :  VY  ::  VY  :  LI. 
See  Fig.  12. 

Fig.  12. 


For  (Prop.  1.)  SL—LF=BA=2CA;  and 
SL^'iCA+LF;  and  SL-=t4.CA^+lCAxLF 
+LF^  ;  and  in  the  right  angled  triangle  SLF, 
SL^=SF'HLF-,  and  subiraaing  LF^,  fr^m 
thesetwo  values  of  SL*^ ;  then4CA^4-4CAxLF 
=SF^=:4CF'^ ;  and  CF'^^.CA'^+CAxLF.  But 
(Prop.  ^2.)  CF^=CA'^+CY'^=CA'^+CAxLF  ; 
therefore  CY^=CAxLF,  and  multiplying  by 
4,  VY^^BAxLI. 


CoR.  1.  As  the  semitransverse,  to  the  semiconjugate  ;  so  the  semi- 
conjugate  to  half  the  latus  redum,  CA  :  CY  :  LF. 

CoR.  2.  As  the  semitransverse  to  the  distance  of  the  focus  from 
the  centre  ;  so  is  the  same  distance,  to  the  sum  of  the  semitransverse 
and  half  the  latus  redum,  CA  :  CF  ::  CF  :  CA+LF.  

For,    (Prop.  2.)  CF2=CA2+CY2=CA^+CAxLF=CAxCAxFL. 

CoR.  3.  The  rectangle  BFA  =^  i  transverse  X  t  latus  redum  =  C  A 
XFL.     By  Cor.  1.  and  Prop.  3. 

Scholium.  Since  the  transverse  axis  is  to  the  conjugate,  as  the 
conjugate  to  the  latus  redum  of  the  transverse  axis  ;  therefore,  in  any 
other  diameters,  the  third  proportional,  to  any  diameter  and  its  con- 
jugate, is  called  the  iaii/s  rctfiim  of  that  diameter.  Therefore,  in  a  right 
iingled  hyperbola,  every  diameter  is  equal  to  its  latus  return. 


FINIS. 


ERRATA. 

Page  33  note,  line  14  from  bottom,  for  37^|.§^  read  37^^^^-. 
33  note,  line  8  from  bottom,  for  264  read  '246. 
33  note,  line  4  from  bottom,  for  gold  reddfther. 
36  line  7,  for  7960  read  7920. 
36  line  31,  for  575960  read  525960. 
36  line  52,  for  505969  read  525969- 

d         h.       w.      d.  d.        h.      m.      s. 

36  line  32,  for  365     6       9     14  read  365     6       9     14. 

36  line  33,  for  365     5     48     57  read  365  •  5     48     57. 

37  line  19,  for  690  read  640. 

38  line  2,  for  284.  read  28.' 

8  S 


^      C2=l  puncheon^  ^^^,  C2=:l4=l  puncheon. 
38  lines  30,31,for  \,^^.Zl  butt     {  '""^  13=2=14=1  butt. 

,      C2     1  barrel?         ,  ^2=1  barrel. 

38  lines  39,40,for  j^     ^^  J  read  j^^^^ 

39  line  19,  for  12  read  16.  . 

48  line  23,  for  5X3+130  read  5X3  +  30. 

72  Multiplication,  example  8,  for  -^  read  ^. 

76  line  26,  after  -viz.  dele  =. 

80  line  2  from  bottom,  for  76-55  read  7*654. 

85  Table  V,  line  4  from  bottom,  for  -03215  read  -03125. 

\         Liv       Sou.  deix.  Liv.     Sou.  dtn. 

104  column  2,  line  10  from  bottom,  for  2333     68         read  2333     6     3. 
120  example  28,  for  come  read  cofnes. 
125  line  11,  for  |.  read  .^-. 
149  line  22,  for  56-3  yds.  read  56'5  yds.  

206  line  11,  from  bottom,  for  19—1X2+3  read  19^X2+3. 

207  line  6  from  bottom,  for  19—1X19  read  19—1X19. 
227  line  16,  for  3672  read  3072. 

rs  ^        s — a  rs  s — ;/ 

230  Cafe  5,  part  2,  for """    = read r"  =-. . 

a    ■  a  a  •: 

231  Cafe  8,  part  1,  for  n — 1  readr — 1. 
231   Cafe  8,  part  2,  for  +  read  X- 

234  line  13,  for  6-32  read  6-39.  a 

252  note,  two  lower  line^  read  as  follows :  Thus,   for   1    month  ,  2 

a  a  ]'0^^5 

months ,  3  months ,  &c. 

1-01                      1015 
261   line  7,  for  13^  read  13^. 
274  Example  1,  line  17,  for  87^  read  R^. 
274  Example  2,  line  16,  for  2  read  20. 
285  note,  line  18  from  bottom,  for  ri  read  r. 
SOI   againft  26,  under  45,  for  1514061  read  1.5'14661. 
313  Example  3,  for  60  read  72,  and  for  7s.  read  D.l  371^0. 
318  Example  4,  for  13—  read  18—,  and  for  48+  read  4|4-. 
325  line  8,  lor  0/  read  io. 
325  line  9,  put  a  comma  after  incrcafcd. 

328  line  5,  for  -y/  42056462+ 5 X-*^  read  ^  4205G462+"5X'''>. 

343  line  13,  for  313  feet  read  343  inches  -—  28  '    feet. 

351   line  25,  for  11302x54  read  11.3-02+54. 

355  Table,  column  5,  againft  3c.  for  C,J^  read  1^|. 

358  Table,  laft  column  but  one,  at  top,  for  2  read  2^. 


4:80  ERRATA. 

Page  359  Table,  againft  3d.  for  5|.  read  5. 

f569  Problem  4,  example  2,  line  3,  for  452  read  453. 

391   in  the  figure,  for  P  read  B. 

398  line  10  from  bottom,  remove  1134  one  place  to  the  left. 

445  laft  line  under  Prob.  VI.  for  tr  read  6c. 

447  near  the  middle,  for read . 

36  3* 

450  line  3,  for  foivers  read  fotver. 
450  line  6,  put  a  comma  after  ar'^. 
470  laft  line  of  Axiom  8,  for  number  read  numbers: 

Some  other  errours,  of  minor  importance,  will  occur  to  the  reader,  which  he" 
is  requefted  to  excufe  and  corre<2;. 
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